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BERYLLIUM  lODOMERCURATES 


A.  V.  Slavvo 


The  first  reports  of  the  preparation  of  double  salts  of  mercuric  iodide  and  the  lower  iodides  of 
metals  go  back  to  the  past  century.  The  production  of  such  compounds  is  mentioned  in  the  papers  by  Berthe- 
mot,  Bonsdorf,  and  Boullay  during  the  first  half  of  the  nineteenth  century,  and  later  in  papers  by  Duboin,  Dob- 
roserdov,  Pavlov,  Bogorodsky,  and  others. 

The  researches  of  these  authors  were  chiefly  directed  to  the  preparation  of  new  compounds,  Dobroserdov 
being  the  only  one  to  subject  the  accumulated  experimental  material  to  systematic  examination. 

According  to  Dobroserdov  [1],  all  the  iodomercurates  are  salts  of  two  complex  acids,  H[Hglg]  and 
HsCHgl^],  known  only  in  solution.  Thus,  Dobroserdov  reduces  all  the  iodomercurates  to  two  types  of  salts, 
Me[HgI(]  and  Me^IHgl^],  Me  being  an  ion  of  a  monovalent  metal. 

Yet,  despite  the  extensive  experimental  material  dealing  with  the  preparation  and  study  of  iodomercur¬ 
ates  of  the  metals  of  Groups  1  and  II  of  the  periodic  system,  there  is  no  reference  in  the  literature  to  the  iodo¬ 
mercurates  of  beryllium.  This  is  the  motivation  for  the  present  research. 

In  conformity  with  Dobroserdov's  views,  our  first  experiments  aimed  at  the  production  and  isolation  of 
beryllium  tri-  and  tetralodomercurates.  To  secure  these  salts  we  prepared  a  solution  of  beryllium  iodide  by 
dissolving  metallic  beryllium  in  strong  HI,  using  1  gram-atom  of  Be  to  2  moles  of  HI. 

A  fresh  solution  of  Belj  was  saturated  with  enough  anhydrous  Hgl^  (two  samples  being  employed)  to  get 
salts  of  the  following  composition;  Be[HgI|]2  and  BefHgl^]. 

Our  experiment  indicated  that  in  preparing  beryllium  trlLodomercurate  the  theoretically  required  quant¬ 
ity  of  Hgig  dissolved  only  when  the  mixture  was  heated  on  a  water  bath.  Cooling  the  solution  to  room  temper¬ 
ature  caused  the  immediate  precipitation  of  much  of  the  dissolved  Hgl^.  When  the  solution  was  kept  in  a  des- 
siccator  over  cone.  H^SO^  a  little  more  Hglj  precipitated  as  large,  well-formed  crystals. 

In  preparing  the  Be[Hgl^  salt  all  the  theoretically  required  Hgl^  dissolved  completely  in  the  cold.  Both 
solutions  were  extremely  hygroscopic  and  unstable  when  diluted  with  water.  Adding  one  to  two  drops  of  water 
to  3-6  ml  of  the  solution  caused  the  immediate  decomposition  of  the  resultant  salt  and  the  precipitation  of  Hgl^. 

It  was  extremely  difficult  to  esrabllsh  that  a  complex  salt  had  been  formed  in  the  solution,  owing  to  the 
solution's  excessive  hygroscopiciry  and  its  instability  when  diluted  with  water.  Of  the  existent  methods,  the 
only  usable  ones  were  the  analytic,  with  the  further  major  restriction  that  only  gaseous  reagents  could  be  em¬ 
ployed  to  detect  the  ions  making  up  the  salt,  inasmuch  as  they  did  not  produce  any  change  in  the  solution  con¬ 
centration.  Using  nothing  but  gaseous  reagents,  we  managed  to  establish  the  presence  of  only  part  of  the  ions 
comprising  the  salt.  We  were  unable  to  precipitate  HgS  by  using  H*S,  one  of  the  most  sensitive  reagents  to  the 
mercury  ion,  which  proved  that  the  mercury  was  part  of  a  complex  ioni  NHj  precipitated  beryllium  hydroxide. 
Indicating  the  solution  contained  free  beryllium  ions.  These  tests  showed  that  the  solution  cont  ained  beryllium 
iodomercurate. 


The  resultant  solutions  were  kept  in  a  desiccator  over  H2SO4  (sp.gr.  1.84)  for  about  3  months  to  secure 

crystals  of  the  salt.  As  the  solutions  thickened  Hgl^  gradually  precipitated  and  hydrogen  iodide  was  evolved 

instead  of  the  expected  isolation  of  the  crystals  of  beryllium  iodomercurate,  as  a  result  of  the  decomposition  of 

the  complex  salt:  „  , 

Be[HgJi4]  =  Hglj  +  Beljj 


Beil  +  HOH  =  BeOHI  +  HI. 
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weakening  ^)f  the  de^.  oiarisinji  action  of  the  coryi'tain  ici's  The  diiriiiiuilon  o-  the  ficlu  U3  fofce  of  the  Ions  in 
the  outer  sphere  is  caused  by  ihe  partial  extincuoi'  ui  i;te  P'lJSi'ive  valencies  of  the  beryllium  Ions,  due  to  the 
addition  of  the  hydroxyl  gioups  !■  must  be  supposed  mat  v!u  uivalent  beryllium  ion  adds  a  single  hydroxyl  group 
and  becomes  monovaient  in  which  case  its  polarizlnr;  acilon  should  diifer  but  little  from  the  action  of  other 
monovalent  ions  with  appronimately  the  r-ame  radius 

We  had  to  establish  the  composition  of  me  conmie'  ladical  to  prove  that  these  assumptions  were  correct. 

This  problem  was  solved  analyiically  by  precipitating  the  complex  ion  and  making  a  complete  chemical  analysis 
of  the  precipitate.  Three  reagents  weie  chosen  fot  this  purposet  CuSO^.  AgNOj,  and  tPi(NHs)4X^l2,  in  each  of  which 
we  could  expect  a  double  decompositicn  reaction  to  result  in  the  formation  of  a  slightly  soluble  compound  con¬ 
taining  tbe  contplex  ion  by  analogy  with  the  complex  radical  [Hgm'"  [3  4.5J 

In  view  of  the  decomposition  of  the  salt  when  water  is  added,  these  salts  had  to  be  synthesized  in  tne  dry 
state;  this  was  done  by  comminuting  the  crystalline  salts  of  the  initial  products  in  the  appropriate  proportions 
(based  on  the  monovalent  and  divalent  comiplex  radicals —[Hglj]  and  [HglJ  )  until  a  homogeneous  mass  was 
produced,  which  became  moist  as  the  result  of  its  greedy  absorption  of  atmospheric  moisture.  In  each  of  the 
three  cases  the  color  of  the  mass  changed  markedly  during  comminution 

During  tbe  synthesis  of  copper  iodomercurate  the  iodine  ions  were  partially  oxidized  to  free  iodine,  large 
quantities  of  which  were  evolved. 

The  results  of  our  analyses  of  the  reaction  products  are  listed  in  Tables  4  and  5,  The  analysis  data  on  cop¬ 
per  iodomercurate  in  Table  4  enable  us  to  establish  the  simplest  chemical  formula.  Cul  x  Hg^  x  H2O  or 
CufHgl,] « H,0  (Table  4). 

Percent  Analysis  of  Copper  Iodomercurate 


TABLE  4  TABLE  5 


I 

1 

!  Ill 

1 

Mean  of  3 
determina¬ 
tions 

Per  cent 

found 

Pet  cent  cal¬ 
culated  from 
the  formula 

Copper  ....  „  ..... 

9  54 

9  57 

9  69 

9.60 

Copper . . 

9.60 

9  59 

Mercury ..  .... _ 

30  18 

3C  39 

30  36 

30  31 

Mercury . 

30  31 

30  26 

Iodine  . . 

57  72 

57  50  : 

:  57  34 

57  52 

Iodine . . 

57.72 

57.44 

Water  (by  differ¬ 
ences) . . 

2,56 

2.54 

i  2.61 

2  57 

Water  (by  dif- 
erences)  ... 

2,51 

2.71 

Percent  analysis  of  tetrammineplaiinum  iodomercurate  (Table  6) 

Or.  tbe  basis  of  the  analysis  results  we  have  assigned  this  the  simplest  chemical  formula-  [Pt(KH8)4l  [Hgljij. 


table  6  TABLE  7 


i 

I  1 

1 

111  1 

i 

1 

Mean  of  3 

determlna- 

1 

tions 

Per 

cent 

found 

Per  cent  cal¬ 
culated  from 
the  formula 

Mercury .  ^ 

!  28  34 

28  08 

i 

28,2lj 

28  21 

Mercury . 

28.21 

28.14 

Platinum . 

13  54 

13.77 

13  43 

13.58 

Platinum . 

13.58 

13.69 

Jodine . 

53.27 

53  24 

53.51 

53,34 

Iodine. . .  i 

53  34 

53.40 

Water  +  NHi  (by 
differences). ... 

4.85 

4.91 

4  85  1 

4.87 

Water  +  NHs  (by  1 
differences)..  ! 

4.87 

4.76 

Percent  analysis  of  silver  iodomercurate  (Table  8) . 

The  formula  3AgI  2Hgl2  or  2Ag(Hgi3]"AgI  best  fits  the  composition  Indicated. 

The  results  of  analysis  lead  us  to  believe  that  the  precipitate  of  silver  iodomercurate  consists  of  two 
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TABLE  8  TABLE  9 


TJ 

L” 

Mean  of  3  de- 

Per 

Per  cent  calcula- 

terminations 

cent 

red  from  the 

1 

found 

formula 

Silver.. . 

20.85 

2i.43 

21.63 

21.18 

Silver . 

21.17 

20.06 

Mercury . . 

24.70 

23.80 

23.53 

24.01 

Mercury 

24.01 

24.88 

Iodine . 

54.45 

54.73 

54.66 

54.62 

Iodine . 

54.62 

55.07 

Water  (by  dlf- 

Water  (by 

fererices) . 

0.40 

0.02 

0.18 

0.20 

differences) 

0.21 

- 

TABLE  10 


I_  .  J 

u  1 

Mean  of  two  determinations 

Agl  (residue  after  distillation) . 

45.94  1 

46.20 

46.03 

Hglj  (by  differences) . 

54.06 

1  53.80 

53.93 

Water  (by  increase  in  weight  of  CaCl]) . 

None  found  | 

- 

Per  cent  found 

1 

1  Per  cent  calculated  from  the  form¬ 
ula  2Ag[HgIs]-AgI  (^) 

Silver  iodide.. . . . 

46.07 

43.66 

Mercuric  iodide. . . . 

53.93 

1  56.36 

sUghriy  soluble  salts,  Ag[Hgl5]  and  Agl,  their  proportions  in  the  mixture  by  weight  being  2:1. 

T  he  foregoing  atialysis  of  the  silver  i'-xlomercurate  was  paralleled  by  a  simplified  analysis  of  this  salt, 
involvirig  its  decomtK)sitlon  into  the  consdDient  salts  Agl  and  HgJ2  (this  method  is  founded  upon  the  difference 
in  the  volatility  of  meicuric  and  silver  iodides  when  heated).  The  results  are  given  in  per  cent  in  Table  10. 

The  discrepancy  between  the  experimental  figures  and  those  calculated  theoretically  proved  that  the 
resultant  compound  was  a  mixture.  It  may  be  stated,  however,  that  in  spite  of  this  discrepancy  the  simplified 
method  of  analysis  also  confirtra  the  derived  formula  for  silver  iodomercurate:  2Ag[Hgl5]*AgI. 

Thus,  in  all  three  cases  we  were  able  to  isolate  the  complex  ion  in  the  precipitate  and  to  demonstrate 
its  compositicn  ana.ytlcallv  as  [HglsJ”- 

The  resuJls  of  these  analyses  are  grounds  for  our  proposing  the  following  coordinate  formula  for  basic 
bery  Ulum  iodomercatate,  ignoring  the  water  of  crystallization: 

/ 

HO-BeCIjHg] .  .  .  .Be.  .  .  [HgIg:pe-OH. 

The  following  hypothetical  distribution  of  she  molecules  of  crysialllzation  water  may  be  assumed  for  the 
crystal  hydrate  of  ber/lliam  h'nlomercur  a^e: 

PH 

H0--Be(lH*0)j5[IsHgH20]  .  .  .  B^  .  .  .[H*OHgl5XHsO)s8e -OH. 


SUMMARY 

1.  It  has  been  shown  that  it  is  impossible  to  isolate  crystal  hydrates  of  beryllium  iodomercurate  of  the 
following  composillon:  MefHgl^'xHjO  from  aqueous  solutions,  though  salts  of  this  composition  have  been  re^ 
covered  under  slraila;  ciicumstances  for  all  the  alkali-earth  metals  and  for  magnesium. 
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In  our  opinion,  the  impossibility  of  isolating  the  crystal  hydrates  Be[Hgl4]*xHxO  is  due  to  the  high  de> 
polarizing  effect  of  the  beryllium  ion. 

2.  It  is  comparatively  easy  to  isolate  the  crystal  hydrate  of  basic  beryllium  iodomercurate,  which  has 
made  it  possible  to  synthesize  for  the  first  time  the  complex  salt  of  basic  beryllium  iodide  and  lodomerctulc 
acid  ({[Hglj],  and  to  investigate  iu  properties. 

3.  The  coordinate  formula  of  the  compound  synthesized: 


HOBePjHg] _ Be  .  .  .  [HgljJBeOH. 


was  established  by  the  analytical  method. 

Hence,  introducing  hydroxyl  groups,  which  partiaily  extinguish  the  positive  valencies  of  the  beryllium 
ions  into  the  beryllium  iodomercurate  molecule  dimirdshes  their  field  of  force,  weakens  their  depolarizing 
action,  and  promotes  the  increased  stability  of  the  complex  ion. 

4.  During  the  establishment  of  the  coordinate  formula  of  the  basic  beryllium  triiodomercurate  analyt¬ 
ically  we  have  synthesized  for  the  first  time  the  copper,  silver,  and  tetrammineplatinum  iodomercurates,  with 
the  following  formulas:  Cu[HgIJ*H,Oj  Ag[HgI,]  and  [Pt(NHs)4]-[HgI,i. 
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BERYLLIUM  CHLOROMERCURAT  ES 


A.  V.  Slavvo 


Little  research  has  been  done  on  the  halogenated  compounds  of  mercury  and  beryllium.  The  data  en¬ 
countered  In  the  literature,  dealing  widi  die  production  of  chioro-  and  bromomercurates  of  the  metals  in  Group 
II  of  the  periodic  system,  are  evidence  of  how  little  work  has  been  done  on  this  problem. 

It  Is  stated  in  the  literature  that  salts  of  the  following  compositions;  BaClg'HgCli'BHiO  [1]; 

MgClj  *  3HgCl2  ’  6H2O  [2,3,4]  and  BaCl(  *  HgClj  * 2H2O  [2],  have  been  secured  as  crysul  hydrates,  though  the 
preparation  of  the  last  salt  has  not  been  confirmed  by  subsequent  investigations. 

As  for  beryllium,  Bonsdorff  Is  the  only  one  who  asserts  that  the  reaction  of  concentrated  solutions  of 
mercuric  chloride  and  beryllium  chloride  results  in  the  formation  of  a  salt  of  the  composition; 
xBeCl|  *^yHgC]|.  This  formula  indicates  that  the  author  never  made  a  complete  analysis  of  this  compound. 

In  view  of  the  difficulties  we  encountered  in  preparing  and  isolating  the  crystal  hydrates  of  normal 
beryllium  iodomercurate.  due  to  the  high  polarizing  effect  of  the  beryllium  ions  in  the  outer  sphere,  it  might 
have  been  thought  that  the  chioro-  and  bromomercurates  of  this  metal  ought  to  exhibit  a  higher  stability  of  the 
complex  radical.  The  radii  of  the  chlorine  and  bromine  ions  are  smaller  than  the  radius  of  the  iodine  ion,  and 
hence  the  former's  lesser  tendency  to  polarization  ought  to  make  the  conq>lex  radicals  of  the  chioro-  and  bro¬ 
momercurates  more  stable,  inasmuch  as  the  influence  of  the  outer  sphere  —  the  counterpolarizlng  action  of 
beryllium  —ought  to  be  less  in  these  salts.  The  ease  with  which  the  basic  salt  of  beryllium  is  isolated  is  due, 
as  we  have  seen,  to  a  decrease  in  the  counterpolarizlng  action  of  file  beryllium  ions,  resulting  from  the  intro¬ 
duction  of  hydroxyl  groups  into  the  outer  sphere. 

In  the  light  of  these  considerations  we  were  greatly  interested  in  preparing  the  normal  and  basic  chloro- 
and  bromomercurates  of  beryllium  in  the  crystalline  state. 


Preparation  of  Beryllium  Chloromercurate 

The  beryllium  chloride  required  in  the  synthesis  of  normal  beryllium  chloromercurate  was  prepared  by 
dissolving  metallic  beryllium  in  36°!(>  hydrochloric  acid,  the  proportions  being  1  gram-atom  of  Be  to  2  moles  of 
HCl.  The  beryllium  dissolved  violently,  large  amounts  of  heat  being  evolved.  We  secured  a  light-yellow  solu¬ 
tion  of  BeCl2,  the  percentage  composition  of  which  is  given  in  Table  1. 


TABLE  1 


I 

II 

UI 

Mean  of  3 
determinations 

Beryllium.  .  .  . 

2.99 

2.94 

2.98 

2.97 

Chlorine  .... 
Water  (by 

23.29 

23.44 

23.44 

23.39 

differences) . 

73.72 

73.62 

73.58 

73.64 

Composition  of  the  BaCU  +  12.4H»0  solution. 
100  g  of  solution  contained  26.29  g  of  BeCli  at  15*. 
A  beryllium  chloride  solution  of  this  concentration 
was  saturated  in  the  cold  with  HgCl^,  1  mole  of 
HgCls  being  added  per  mole  of  BeClj.  This  yielded 
a  straw-yellow  solution  of  slight  density.  The  pres¬ 
ence  of  free  beryllium  ions  in  this  solution  was 
demonstrated  by  the  use  cf  gaseoiu  anunonia,  while 
the  action  of  hydrogen  sulfide  proved  that  it  con¬ 
tained  no  mercury  ions.  These  tests  confirmed  that 
a  coordination  compound— beryllium  chloromer¬ 
curate  —had  been  formed  In  the  solution. 


The  solution  was  placed  in  a  desiccatcn:  at  14-16*  together  with  sulfuric  acid  (sp.gr.  1.84)  in  order  to 
concentrate  it  Two  months  later  crystals  of  the  salt  appeared  on  the  surface  of  the  solution. 


The  specific  gravity  of  the  mother  liquor  was  d“  3.16  at  the  instant  of  crystallization.  The  solution  was 
analyzed  to  determine  its  beryllium,  mercury,  and  chlorine  content.  The  beryllium  was  determined  gravimet- 
rically  as  BeO,  the  mercury  being  determined  gravimetricaUy  as  HgS,  and  the  chlorine  being  determined,  after 
the  mercury  had  been  precipitated  out,  by  a  Volhard  titration  with  a  0.1  N  solution  with  silver  nitrate. 


This  analysis  yielded  the  following  results,  in  per  cent  (Table  2). 

TABLE  2  Crystallization  was  ex- 

I 

U 

m 

Mean  of  3  ,  r 

to  secure  the  amount  of  salt  re¬ 
determinations  aiilred  for  analvsls  The  individual 

Beryllium  ...... 

Mercury . 

Chlorine . 

Water  (by  differences) 

1  91 

42.78 

30.12 

25.18 

1.95 

42.69 

30.29 

25.07 

1.94 

42.74 

30.28 

25.03 

1.93  identity  of  the  salt  was  checked 

42.74  during  crystallization  by  observing 

30.23  the  shape  of  the  crystals  through  a 

25.10  microscope.  It  should  be  noted 

that  a  separate  observation  was  re¬ 
quired  to  check  on  the  purity  of 

the  crystallized  salt,  inasmuch  as  we  had  noted  in  our  work  with  the  iodomercurates  that  several  salts,  differing 
in  composition  and  crystalline  form,  could  be  secured  in  a  certain  sequence  from  a  single  solution  during  the 
concentration  process.  We  have  observed  this  phenomenon  in  the  iodomercurates  of  calcium,  barium,  lithium, 
and  other  metals. 

The  crystals  collected  during  all  this  lime  were  square  lemon-yeUow  platelets.  These  platelets  grew 
together  during  the  process  of  crystallization,  forming  clusters.  The  crystals  were  lighter  than  the  mother  liquor 
and  floated  on  its  surface.  The  crystals  were  filtered  out  of  the  mother  liquor  in  an  atmosphere  of  dry  air  and 
then  analyzed,  the  results  of  analysis  being  shown  in  Table  3. 


TABLE  3 


1  Determination  of  chlorine  | 

Determination  of  Hg  | 

Determination  of  beryllium  | 

Per  cent 

No. 

Grams  of 

Ml  of  0.1 

Per  cent 

Grams  of 

Per  cent 

Grams  of 

Grams  of 

Per  cent 

H2O  (by 

the  salt 

N  AgNOs 

chlorine 

HgS 

mercury 

the  salt 

BeO 

beryllium 

differences) 

1 

35.08 

45.37 

2.03 

20.46 

2 

0.3557 

32.18 

45.24 

msm 

2.00 

20.68 

3 

0.4117 

37.20 

45.48 

0-.0386 

2.01 

20.47 

Average. . 

32.09 

45.36 

2.01 

20.55 

Calculated  from  the 

formula? 

Be(HgCl4]*5H20 

32.12 

45.44 

2.04 

20.38 

The  simplest  formula  conespondlng  to  the  composition  indicated  by  analysis?  BeClj  *  HgClj  ♦  5H2O. 

The  synthesized  salt  may  be  assigned  the  formula  of  Be[HgCl4]'5H20,  in  accordance  with  the  concepts  of 
Dobroserdov  [5].  The  formation  of  such  a  salt  is  borne  out  by  the  negative  reaction  for  free  mercury  ions. 

Properties.  Solubility  in  water  at  15*:  95^.  The  crystals  of  Be[HgCl4]‘‘5HjO  are  very  hygroscopic.  When 
about  1  gram  of  the  salt  was  allowed  to  stand  in  air  of  ordinary  humidity  and  temperature,  it  deliquesced  com¬ 
pletely  within  5-6  minutes.  A  freshly  prepared  (1:200)  solution  of  this  salt  is  more  stable  than  a  solution  of  beryl¬ 
lium  iodomercurate,  no  mercury  ions  being  detected  during  the  first  3-6  minutes  of  passing  hydrogen  sulfide 
through  the  solution,  whereas  mercuric  sulfide  is  thrown  down  at  once  by  hydrogen  sulfide  from  a  solution  that 
has  stood  for  a  while. 

Be[HgCl4]‘5H20  gradually  loses  moisture  when  standing  in  a  desiccator  over  sulfuric  acid  (sp.gr.  1.84); 
the  loss  of  water  after  7  days  is  about  4<5fc,  equivalent  to  1  mole  of  water,  the  surface  of  the  Initially  transparent 
and  lustrous  crystals  becoming  duU.  Keeping  the  crystals  in  the  desiccator  for  a  longer  period  caused  no  further 
change  in  weight  or  in  external  appearance.  The  crystals  fume  slightly  when  exposed  to  air,  giving  off  HCl. 
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Drying  at  SS**  results  in  a  loss  of  12.5-13<l|b  of  tl^e  crystallization  water,  equivalent  to  3  moles  of  1^.  Further 
drying  at  ibis  teinperature  results  in  decomposition  of  the  salt,  with  partial  evolution  of  HgClg,  the  salt  not  melting 
thereby.  BefHgCl^]  •  51%0  is  readily  soluble  in  methanol  and  in  ethyl  and  amyl  alcohols.  It  is  slightly  soluble  in 
toluene,  benzene,  and  chloroform  and  very  slightly  soluble  in  carbon  tetrachloride. 

Dissolution  is  accompanied  by  decomposition  of  the  complex  salt  into  simple  chlorides  in  all  these  solvents. 


Preparation  of  Basic  Beryllium  Chloromercurate 

The.  oasic  beryllium  chloride  required  for  the  synthesis  of  basic  beryllium  chlorometcurate  was  prepared  by 
dissolving  me-tallic  beryllium  in  concentrated  hydrochloric  acid  1  gram -Atom  of  Be  being  used  per  mole  of  HCL 

Prolonged  heating  on  a  water  bath  was  required  to  dissolve  all  the  berylliurh. 

The  rt^ults  of  analysis  of  the  colorless,  heavy  solution  are  given  in  per  cent  in  Table  4. 


TABLF  4 


! 

T 

1 

ii 

m 

^  Mean  oFs 
deTermfn  adons 

Beryllium 

6.36 

6.39 

6.48 

6.41 

Chloiine 

1 2.5.12 

25.23 

25.26 

25.20 

HgO  4  OH  1 

(by  differ- 

1 69.52 

I 

69.39 

69.39 

69.43 

ences) 

169.62 

69.39 

69.39  ! 

69.43 

TAisLE  5 


Solution  I 


1 

Mean  of  3 

1  I 

n 

lU 

determinations 

Beryllium 

!  2.18 

2.16 

2.16 

2.17 

Mercury 

j  48.58 

48.69 

48.83 

48.70 

Chlorine. 

1  26.86 

25.65 

25.77 

25.76 

HrO  4  OH 
(by  differ¬ 
ences) 

1 

1 

1  23.38 

23.60 

23.24 

23.37 

•T'A.BLE  6 

Solution  n 

\ 

i-A  J 

n 

ni 

Mean  of  3 
determinations 

Bei-yliim'’ 

i  2.91 

2.94 

2.93 

2.93 

Merrairy 

43.84 

43.69 

43.75 

43.76 

C3ilorine  j 

1^0  4  OH 

27.06 

27.16 

27.03 

27.08 

(fay  differ  - 
enf.es) 

i 

i  26.19 

26.21 

26.29 

26.23 

The  analysis  findings  indicated  that  the  solution 
had  the  following  composition;  BeOHCl  4.41^. 

100  grams  of  the  solution  at  15*  contained  43.71  g 
of  BeOHCl. 

The  resultant  soludmi  of  basic  beryllium  chloride 
was  saturated  in  the  cold  with  mercuric  chloride.  The 
following  proportions  by  weight  were  employed,  by 
analogy  with  the  beryllium  iodomercurate  we  had 
synthesized  previously  and  in  conformity  with  the 
concepts  of  Dobroserdov  [5>  1)  1  mole  of  HgClt  per 
mole  of  BeOHCl;  and  2)  2  moles  of  HgCl^  per  3  moles 
of  BeOHCl. 

All  ihe  calculated  mercuric  chloride  dissolved  in 
both  cases,  no  fiee  mercury  ions  being  found  In  either 
solution,  whereas  the  reaction  for  the  beryllium  ion  was 
positive,  Indicating  that  a  beryllium  chloromercurate 
had  been  formed. 

When  these  solutions  were  concentrated  over  H1SO4 
(sp.  gr.  1.84)  at  15-16*.  it  took  37  days  for  crystals  to 
separate  out  of  the  first  solution  and  24  days  from  the 
second.  The  crystals  were  of  the  same  crystalline  form 
in  both  cases  and,  as  we  later  found,  of  the  same  chemi- 
cal  composition. 

The  per  cent  composition  of  fire  first  and  second 
mother  liquors  at  the  onset  of  crystallization  is  given 
in  Tables  5  and  6. 

Composition  of  Solution  It  BeOHCl  *  HgCl^ 

4  4.41%0.  100  g  of  the  solution  at  15*  contained 
80.70  g  of  BeOHCl  *HgCl*. 


Composition  of  Solution  U;  3BeOHCl*2HgC]2  4  10.4HjO.  100  g  of  the  solution  at  15*  contained  85.80  g 
of  36eOHCt2HgCl2. 

The  first  and  second  solutions  cjystallized  differently.  The  crystals  settled  out  of  Solution  I  gradually, 
in  the  course-,  of  4«6  days.  A  small  quantity  of  crystals  settled  out  of  Solution  11  at  once,  and  three  days  later 
the  whole  solttdlon  turned  into  a  solid  crystalline  mass,  adhering  solidly  to  the  crystallizer. 

The  crystals,  which  were  separated  from  both  mother  solutions  in  an  atmosphere  of  dry  air,  were  analyzed, 
the  analysis  indicating  that  they  were  alike. 


The  composition  of  the  crystals  in  the  first  and  second  series  of  tests  is  given  in  Table  7. 
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TABLE  7 
Series  I 


- 1 -  - 1 

!  Determination  of  chlorine  1 

Determination  of  ! 
Merci.rv  , 

1 

1  Dete’-rri nation  of  beryllium 

Per 

cent 

HjO  -f  OH 
(by  differ¬ 
ences) 

l^rams  of  the 
No  ,  1 

salt 

G.i-ams  of  j 
0  1  N 
;  AgNO, 

Grams  of  j 
:  HgS  j 

i  j 

1 

1 

1  Pe?  cent 
j  nvercury 

i  1 

1  : 

Grams  of  the  j 
salt  i 

1  ^ 

n 

Pet  cent 
beryllium 

— ^  ! 
1  1  0  5098  i 

i 

41.20 

28.66  i 

1 

I  0  3212 

r  1 

1  64  12 

j 

0.9261  ' 

i  0.0814 

2,36 

14.83 

2  1  0.5067 

40.84 

1  28.58 

0  3190 

54  28 

0.8255 

1  2.38 

14,76 

3  0.5459 

44.15 

1  28.68  i 

i  0  3430 

54. 1 7  1 

1  0.7888  i 

2.46 

j  14.69 

Average  .  . 

.....  1 

1  '  \ 

!  28.64  i 

i  -  i 

1  1 
■  54.19  ' 

iT  1 

2.41 

1  14.76 

Series  II 


1  1 

2 

3 

I  0.4375  1 

0.4739  j 

0.3744  j 

35.40 
38.52  ! 

30.24  1 

28.69 

28.82 

1  28.64 

1 

1  0.2745 
0.2982 

0.2353 

54.09 

54.24 

54.18 

0.7180  1 

0.6038 

0.7776 

0.0480 

0.0408 

0.0552 

2.41 

2.44 

2.42 

14.81 

14.50 

14.76 

Average . 

Calculated  from  the 
foimular 

28.72 

54.17 

1 

— 

1 

2.42 

14.69 

Be0H[HgClsJ*2H20 

;  28.83 

- 

1  54.37 

- 

!  — 

2.44 

14.37 

The  compositioa  of  ihe  crystals  as  established  by  analysis  was  BeOHCl ■  HgClj  * 2H2O  o:,  by  analogy  with 

the  beryllium  iodomercurate  we  have  synthesized  BeOH[HgCl$]  '  2IHI2O.  The  synthesized  salt  may  be  regarded  as  a 

derivative  of  the  acid  H[HgCl*]"HiO-  ^  .... 

The  water  In  the  crvsial  nydrares  of  the  beryllium  chlo»on?ercurates  was  also  derenrdned  by  the  hydride 

method  by  A.  G.  Elitsur,  the  author  of  that  method  [6]-’  His  findli^  coincided  with  the  percentages  of  water  cal-* 

culated  for  these  salts  by  the  method  of  differences. 


Propeities.  The  solubility  of  this  salt  in  100  g  of  solution  at  15"  is  90.0  grams.  The  crystals  were  highly 
hygroscopic:  rhe>  g’reedily  absorbed  moisture  from  the  ait;  becoming  wet  very  tas*.  Dissolution  in  water  was 
slower  than  with  the  other  haiogenomercurates,  wimout  any  decomposition  A  freshly  prepared  solution  (abom 
1%)  exhibited  no  free  mercury  ions  during  the  first  few  minutes  after  preparation. 

In  contiast  tn  the  crystals  of  the  normal  salt,  these  crystals  lost  no  crystallization  water  when  kept  in 
a  desiccaiOT  over  sulfuric  acid. 

The  crystals  suffered  a  slight  loss  of  weight  when  kept  in  a  drying  cabinet  ar  60'€0*,  this  loss  totaling 
0.8^.  equivalent  to  0.15  molecule  of  water. 

The  crystals  begin  to  break  down,  without  melting,  when  a  temperature  of  84*  is  reached. 

The  basic  beryllium  chiorcHnercuraie  behaves  like  the  normal  salt  in  organic  solvents. 


SUMMARY 

1.  The  crystal  hydrates  of  the  beryllium  chloromerc urates  Be[HgCl4]*  5HjO  and  BeOH[HgCls}‘2HjtO,  which 
may  he  regarded  as  derivatives  of  the  chloromercuric  acids  —  f^HgCl4]  •  and  H[HgClj]*xHj  O  have  been  syn-* 
thesized  for  the  fiitr  time. 

2.  In  contrast  to  the  be/yllium  iodomercurates,  It  provea  to  be  possible  to  isolate  the  betylilum  tetra- 
chioromercurate  Bep^gCi^]*  5Hj.O.  Therefore,  the  coimterpoiarizing  effect  of  the  outer  sphere  proved  to  be 
weakened,  owing  to  the  'act  that  the  calorine  ion  has  a  smaller  radius  than  the  iodine  ion. 

3.  A  study  of  the  properties  of  beryllium  chloromercuratcs  has  shown  that  the  basic  salt  5eOH[HgCl5]  - 
•2HjO  possesses  a  higher  tiability  than  either  the  norraai  salt  &e(BgCl.J*5H20,  01  the  basic  beryllium 
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iodomercurate  BeOHI  •  2BeOH[Hgl8]  •  6H|0. 
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BERYLLIUM  BROMOMERCURATES 


A.  V.  Slavvo 


Very  little  research  has  been  done  on  the  double  salu  of  beryllium  bromides  and  the  bnmiides  of  other 
light  metals  with  mercuric  bromide.  The  dau  in  the  literature  are  not  always  accurate,  often  requiting  further 
investigation.  Until  recently  not  one  double  salt  of  the  bromides  of  metals  in  Group  II  of  the  periodic  system 
with  mercuric  bromide  had  been  isolated  in  the  crystalline  state.  It  is  stated  in  the  literature  that  only  in  solu¬ 
tion  have  the  following  salts  been  prepared;  MgBri'HgBrs,  CaBri*  HgBrt,  BaBri  *  HgBri  [1],  and  SrBri  *  Hgig  [2]. 

In  our  investigation  of  the  double  halides  of  beryllium  and  mercury  we  have  been  able  to  prove  experimentally 
that  it  is  impossible  to  recover  the  crystalline  double  iodides  of  beryllium  and  mercury  from  Beli^Hgli  solutions, 
owing  to  the  extreme  instability  of  these  compounds.  The  crystal  hydrate  of  the  basic  beryllium  iodomercurate, 
BeOHI  *2BeOH[Hgl3]*  6H|0,  proved  to  be  much  more  stable.  As  for  the  double  chlorides  of  beryllium  and  merc¬ 
ury,  the  smaller  radius  of  the  chlorine  Lon  made  the  normal  beryllium  chloromercurate,  which  we  isolated  as  a 
salt  with  the  composition  of  Be[HgCl4]‘  bll^O,  as  stable  as  the  basic  beryllium  chloromercurate,  which  we 
isolated  as  BeOH[HgClj]  •  2H,0. 

The  size  of  the  radius  of  the  bromine  ion  justified  the  assumption  that  the  subility  of  beryllium  bromo- 
mercurates  would  be  higher  than  that  of  the  iodomercurates  and  correspondingly  smaller  than  that  of  the  chloro- 
mercurates. 

These  circumstances  led  us  to  undertake  the  present  research 

Preparation  of  beryllium  bromomercurate  was  effected  by  dissolving  metalic  beryllium  in  freshly  prepared 
concentrated  hydrobromic  acid.  Our  calculation  was  based  upon  the  neutral  salt,  BeBrj.  The  metal  dissolved 
rapidly,  the  solution  being  warmed  up  considerably.  The  results  of  analysis  of  the  colorless  solution  of  beryllium 
bromide  are  given  in  Table  1. 


TABLE  1  TABLE  2 


1 

11 

111 

Mean  of  3  de¬ 
terminations 

I 

II 

m 

Mean  of  3  de¬ 
terminations 

Beryllium  .... 

2.38 

2.36 

2.45 

2.40 

Beryllium . 

1.36 

1.34 

1.38 

1.36 

Bromine _ 

42.38 

42.53 

42.56 

42.53 

Mercury . 

30.56 

30.42 

30.36 

30.45 

Water  (by  dif- 

Bromine . 

48.25 

48.32 

48.41 

48.33 

ferences) ... 

55.24 

5511 

155.00 

55.08 

Water  (by  dif- 

ferences).... 

19.83 

19.92 

19.85 

19.87 

Composition  of  the  solution?  BeBr^  +  11.5  HiO.  100  grams  of  the  solution  at  15*  contained  44. 93  g 

of  BeBr2. 

The  beryllium  bromomercurate  was  prepared  by  saturating  a  solution  of  beryllium  bromide  in  the  cold 
with  mercuric  bromide,  using  1  mole  of  HgBrj  per  mole  of  BeBr2. 

The  resultant  solution  was  not  very  heavy  and  was  colored  a  reddish-brown.  When  it  was  dehydrated  in  a 
desiccator  over  sulfuric  acid  (sp.  gr.  1.84)  at  15*.  a  small  amount  of  a  white  precipitate  of  HgBr2  settled  out  on 
the  second  day:  the  solution  was  carefully  decanted  from  this  precipitate.  As  concentration  was  continued,  the 
color  of  the  solution  grew  deeper,  and  large  amounts  of  HBr  were  evolved.  Crystallization  set  in  after  three 
months  had  elapsed.  The  specific  gravity  of  the  mother  liquor  was  3.28. 

The  results  of  analysis  of  the  solution  are  given  in  Table  2. 
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Composition  of  the  solution:  BeBr2*HgBr2  +  7.2H;0.  100  grams  of  the  solution  at  15*  contained  80.30  g 
of  BeBr2*H^r2. 

The  crysuls  were  filtered  out  of  the  mother  liquor  in  an  atmosphere  of  dry  air  and  then  analyzed;  the 
results  of  analysis  are  given  In  Table  3. 


TABLE  3 


1  Determination  of  bromine  | 

1  Determination  of  mercury  | 

1  Determination  of  beryllium 

Per  cent 

No. 

Grams  of 

Ml  of  O.IN 

Per  cent 

Grams  of 

j  Per  cent 

Grams  of 

Grams  of  1 

<7o  ber- 

water  (by 

salt 

AgNOs 

bromine 

HgS 

i  Mercury 

salt 

BeO 

yllium 

differences 

1 

0.5600 

36  14 

51.58 

0.2089 

1 

I  32.18 

mm 

14.85 

2 

0.5807 

37.40 

51.47 

0.2185 

1  32.44 

14.67 

3  i 

i  0.4779 

30.80 

51  51 

0.1795 

'  32.3B 

1.3166  1 

111 

14.73 

Average  . 

51.52 

32.33 

1.40 

14.75 

Calculated  fiom  the 

formula: 

Be[HgBr4]*5H20  .  .  .  . 

i  51.62 

32.39 

1.46 

14.53 

The  analytical  findings  enable  us  to  represent  the  composition  of  the  synthesized  salt  by  the  formula 
B^r^  •  HgBrj  •  BHjO  or  BefHgBr^]  •  SHjO. 

The  analytical  findings  exhibit  no  significant  deviation  from  the  values  calculated  from  the  formula. 

Properties.  The  crystals  were  thin  plar.e.lets,  of  the  color  of  bromine  water,  piled  one  on  top  of  the 
other  Like  the  mother  liquor,  the  crystals  fumed  when  exposed  to  air,  giving  off  hydrogen  bromide.  They 
were  94.7051)  soluble  in  water  at  15*.  The  salt  was  very  highly  hygroscopic,  absorbing  moisture  from  the 
air  and  rapidly  dissolving.  No  mercuric  bromide  was  evolved  during  the  process. 

Keeping  the  crystals  in  a  desiccator  over  concentrated  sulfuric  acid  resulted  in  a  slight  loss  of  weight. 
The  loss  of  weight  totalled  some  after  3  days,  the  equivalent  of  one  molecule  of  water;  the  surface  of 
the  crystals  was  covered  with  a  slight  white  film  and  more  hydrogen  bromide  was  given  off.  The  crystals 
melted  in  fiieir  own  crystallization  water  when  they  were  heated  to  30* ,  decomposing  and  giving  off  HgBr2 
when  heated  to  70*.  The  salt  lost  about  S'Jb  of  its  water  when  dried  in  a  drying  cabinet,  the  equivalent  of  3 
molecules  of  water.  Beryllium  bromomercurate  is  readily  soluble  in  methanol  and  in  ethyl  and  amyl  alco¬ 
hols,  very  slightly  soluble  in  toluene  and  benzene,  and  practically  insoluble  in  chloroform  and  carbon  tetra¬ 
chloride.  Dissolution  in  these  solvents  involves  decomposition  of  the  coordination  compound  into  the  simple 
salts. 

Preparation  of  basic  beryllium  bromomercurate.  Basic  beryllium  bromide  was  prepared  by  dissolving 
metallic  beryllium  in  strong  HBr,  the  proportions  being  1  mole  of  HBi/gram.-atom  of  Be. 

The  mixture  had  to  be  heated  on  a  water  bath  for  several  days  for  all  the  beryllium  to  dissolve.  The 
colorless  solution  was  very  dense;  its  percentage  composition  is  given  in  Table  4. 


TABLE  4  TABLE  5 


I  j  n 

m 

Mean  of  three 
deternfi  nations 

1 

11 

m 

Mean  of  three 
determinations 

Beryllium 

4  271  4.36 

4.36 

4.31 

Beryllium 

2.34 

2.30 

2.29 

2.31 

Bromine 

38.27j38.39 

38.30 

38  32 

Mercury 

34.31 

34.43 

34.13 

34.29 

H2O  +  OH 

j 

Bromine 

47.98 

47.77 

47.71 

47.83 

(by  differ- 

1 

57.46i57.25 

H2O  +  OH 

ences) 

57.34 

57.35 

(by  differ- 

ences) 

15.37 

15,50 

15.87 

15.58 
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Composition  of  the  solution;  BeOHBr  -t-  5.7HtO.  100  grams  of  the  solution  at  15*  contained  50.80  grams  of 
BeOHBr.  The  basic  beryllium  bromomercurate  was  prepared  by  saturating  the  prepared  solution  with  mercuric 
bromide,  tl’e  proportions  used  being  as  follows;  1)  1  mole  of  HgBrj  per  mole  of  BeOHBr;  and  2)  2  moles  of  HgBr} 
to  3  moles  of  BeOHBr  (this  ratio  of  the  parts  by  weight  of  mercuric  bromide  and  basic  beryllium  bromide  placed 
in  reaction  together  corresponded  to  the  ratio  of  mercuric  iodide  to  basic  beryllium  iodide  at  which  the  two  com> 
bined  to  constitute  the  basic  beryllium  iodomercurate).  All  the  HgBri  dissolved  in  the  cold  in  both  instances. 

Both  solutions  exhibited  a  positive  reaction  for  the  Be  Ion  with  gaseous  ammonia  and  a  negative  reacdon  for  the 
mercury  Ion  when  hydrogen  sulfide  was  passed  through  the  solution.  This  showed  that  a  beryllium  bromomercurate 
had  been  formed  in  the  solution. 

When  the  solutions  were  concentrated  in  a  desiccator  over  sulfuric  acid  (sp.  gr.  1.84)  at  14-16*.  they 
gradually  turned  brown,  taking  on  the  color  of  bromine  water. 

Crystals  were  detected  In  the  second  solution  after  29  days  had  elapsed,  the  specific  gravity  of  the 
mother  liquid  being  d][g  3.48. 

The  mother  liquid  was  analyzed,  the  results  being  tabulated  in  per  cent  in  Table  5. 

Solution  composition;  3BeOHBr » 2HgBrt  7.4H|0. 

100  grams  of  the  solution  at  15*  contained  88.70  grams  of  3BeOHBr  *  2HgBr2.  The  mother  liquor  was 
extremely  unstable  when  diluted:  the  addition  of  a  single  drop  of  water  produced  the  instantaneous  decomposi¬ 
tion  of  the  complex  salt  at  the  point  where  the  water  entered.  HgBrj  being  evolved. 

The  crystals  filtered  out  of  the  mother  liquor  In  dehydrated  air  were  analyzed  chemically,  the  results 
being  listed  In  Table  6. 


TABLE  6 


1  Determination  of  brontlne  | 

Dererminatlon  of  beryllium  | 

Per  cent 

No. 

Grams  of 

Per  cent 

Grams  of 

Per  cent 

Grams  of 

Grams  of 

her- 

+  OH  (by 

salt 

AgNOa 

bromine 

HgS 

Mercury 

saU 

BeO 

yllium 

1 

30.80 

47.51 

0.2380 

39.61 

1.4710 

0.0702 

1.72 

11,16 

2 

0.6135  1 

36.57 

47.64 

0.2832 

39.79 

1.0750 

0.0540 

1.81 

10.76 

3 

0.6578  1 

39.19 

47.65 

39.94 

1.0250 

0.0506 

1.78 

10.68 

Average  . 

47.60 

39.78 

1.77 

10.85 

Calculated  from  the 

formula; 

BeOH[HgBr,J*  2HjO 

47.72 

39.93 

1.79 

10.54 

The  analysis  data  enable  us  to  represent  the  composition  of  the  crystals  as  follows:  BeOHBr  •HgBrj*2I%0. 

The  experimental  results  ate  in  good  agreemem:  with  those  calciiated  from  the  formula. 

It  took  much  longer  for  crystallization  to  commence  In  the  first  solution  than  in  the  second.  Analysis 
indicated  that  the  crystals  rec-overed  from,  the  first  and  second  solutions  had  the  same  chemical  composition 
and  the  same  crystalline  form.  The  number  of  water  molecules  in  the  crystal  hydrates  of  the  beryllium  bromo- 
mercurates  was  also  determined  by  the  direct  method  by  A.  G.  Eiitsur.  the  originator  of  this  method  [3].  The 
results  of  this  determination  ag-^eed  with  the  pesc'entage  of  water  In  these  salts  as  calculated  by  the  differences. 

Propeiitles.  The  BeOHfhgBij]  *2)480  crystals  were  light -orange  In  color.  They  were  hard  and  brittle, 
readily  crumbling  when  pressed  with  a  rod.  They  greedily  absorbed  moisture  from  the  air,  rapidly  dissolving, 
and  then  decamposi:!g  with  the  evolution  of  HgBrj. 

.  When  the  crystals  were  kept  in  a  desiccator  over  concentrated  sulfuric  acid  (^.  gr.  L84),  they  turned 
Into  a  solid  hyaline  mass,  though  their  weight  remained  unchanged. 

The  Salt  began  to  decompose  when  heated  to  85*.  without  melting.  Keeping  the  salt  in  a  drying 
cablrret  at  a  temperature  slightly  below  the  decomposition  temperature  caused  a  slight  loss  of  weight,  0.5^, 
equivalent  to  0.15  molecule  of  water. 


i 
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The  basic  beryllium  bromomercurate  behaves  like  all  the  other  beryllium  halogenomerc urates  in  organic 
solvents. 

SUKIMARTt 

1.  The  crystalline  berylUiun  tetrabromomercuiate  pentahydiate,  Be[HgBr4]  *  SHjO,  has  been  prepared 
and  isolated  for  the  first  time  by  reacting  a  solution  of  beryllium  bromide  with  mercuric  bromide. 

The  properties  of  this  hydrate  Indicate  that  it  may  be  regarded  as  the  beryllium  salt  of  bromomercuric 
acid:  Hs[HgBr4] ‘xH^O. 

2.  Reactii^  a  solution  of  basic  beryllium  bromide  with  mercuric  bromide  yields  the  basic  beryllium 
tiibrcHnomercurate,  which  we  have  Isolated  for  the  first  time  as  a  crystal  dlhydrate,  BeOH[HgBrs]  •  2H2O.  This 
hydrate  is  a  derivative  of  tribromomercutic  acid,  HfHgBrj]  *  XH2O. 

3.  Comparison  of  the  properties  of  normal  and  basic  beryllium  bromomercurates  showed  that  the  basic 
beryllium  bromomercurate  possesses  higher  stability. 

4.  Comparison  of  the  stability  of  beryllium  chloro-,  bromo>,  and  iodomercurates  indicates  that  the 
chloro  derivative  has  the  highest  stability  and  the  iodo  one  the  lowest. 

The  basic  beryllium  halogenomercurates  are  mote  stable  than  the  normal  beryllium  tetrahalogeno-- 
mercurates.  As  in  the  normal  tetrahalogenomercutates,  the  stability  of  the  tiihalogenomercurates  dlmlshes 
from  chlorine  to  iodine,  which  also  affects  the  composition  of  the  basic  salts.  Whereas  the  composition 
of  the  basic  beryllium  chloro>  and  bromomercurates  may  be  represented  by  the  formula  BeOH[HgHas]  *  2H2O, 
the  composition  of  the  basic  beryllium  lodomercurate  isolated  under  similar  conditions  is  more  complex: 

BeOHI  •  2BeOH[Hgl3]  •  61^0. 
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ANHYDROUS  POTASSIUM  METANIOBATE 


A.  V.  Lapittky 

Joly  [1]  ixoduced  anhydrous  poutslum  meuniobate  by  fusing  together  equlmolecular  quAutlties  of  potas¬ 
sium  carbonate,  niobium  pentoxide,  and  potassium  fluoride,  used  as  a  flux. 

The  first  X-ray  analysis  of  anhydrous  potassium  metaniobate  was  made  by  Goldschmidt  [2].  who  showed 
that  KNbO|  has  a  lattice  of  the  perovsklte  type  with  the  parameter  a^  ^  4.01 1  0.02A.  Later,  Quill  [3]  secured 
a  more  precise  value  of  the  parameter,  finding  that  a^  »  4.005  1  0.02  A.  With  this  value,  we  calculated  the 
specific  gravity  of  anhydroiu  potassium  metaniobate  as  3.634.  There  still  is  no  information  in  the  litera¬ 
ture  on  the  melting  point  of  KNbO|,  its  pyknometilc  specific  gravity,  or  its  other  constants. 

The  present  research  had  as  its  objective  the  preparation  of  anhydrous  potassium  metaniobate  by  various 
methods,  ascerulnlng  the  effect  of  the  methods  of  preparation  upon  some  properties  of  the  salt,  determining  its 
thermal  stability  at  high  temperature  and  its  melting  point,  and  finding  its  pyknometric  specific  gravity. 

Initial  Preparations 

Niobium  pentoxide.  A  technical  mixture  "tanuliun’nlobium”  tailings  served  as  the  initial  raw  material 
for  the  preparation  of  pure  niobium  pentoxide.  The  mixture  contained  approximately  equal  proportions  of  nlo- 
hium  and  tantalum  as  their  fluorides,  the  principal  impurities  being  compounds  of  iron,  tin,  and  silicon.  The 
percenuge  of  titanium  was  negligible.  The  tailings  were  processed  into  pure  niobium  pentoxide  as  follows. 

A  50 -gram  batch  of  the  tailings  was  moistened  with  water  to  the  consistency  of  a  paste,  transfened  to 
a  silver  cup.  and  heated  with  10  ml  of  concentrated  sulfuric  acid  until  all  the  hydrofluoric  acid  had  been  driven 
off.  Then  the  entire  mass  was  transferred  to  a  porcelain  l^ter  beaker  and  covered  with  distilled  water,  and 
the  mixture  thoroughly  stirred.  The  wash  waters,  which  contained  large  quantities  of  ferric  sulfate,  were  de¬ 
canted  from  the  residue.  Washing  was  continued  to  eliminate  all  the  iron  ions  and  sulfate  ions,  but  it  was 
impossible  to  eliminate  the  iron  ions  completely  by  this  method.  The  niobium  and  tantalum  oxides,  freed 
of  most  of  their  iron,  were  dried  at  120*  and  then  thoroughly  mixed  with  200  g  of  a  soda-alkali  mixture  (90^ 
NajCO)  -f  Kyjo  NaOH).  The  resultant  mixture  was  sintered  in  a  silver  cup;  then  it  was  pulverized  and  treated 
with  cold  water,  which  removed  such  impurities  as  tin  and  silicon,  eliminated  in  the  form  of  stannates  and 
silicates.  The  alkaline  niobates  and  tantalates  produced  during  sintering  remained  in  the  deposit  owing  to 
the  high  alkalinity  of  the  solution.  Much  of  the  tin  was  eliminated  from  the  niobates  and  tantalates  by  de¬ 
canting  the  alkaline  solutions.  Not  all  the  tin  is  eliminated  in  the  shape  of  stannates  at  this  point  [4]. 

The  mixture  of  sodium  tantalates  and  niobates  was  dissolved  in  hot  water.  The  hot  solution  was 
treated  with  hydrochloric  acid(l;lX  throwing  down  a  voluminous  white  precipitate  of  tantalum  and  niobium 
pentoxides.  The  wash  waters  again  exhibited  small  percentages  of  iron  and  tin.  All  the  remaining  iron  and 
tin  were  eliminated  by  boiling  the  precipitate  with  concentrated  hydrochloric  acid.  The  mixtiue  of  *pentox- 
ides”  was  washed  to  remove  the  traces  of  hydrochloric  acid  and  then  trarjsferred  to  a  lead  cup  and  dissolved 
in  the  calculated  quantity  of  40<^  hydrofluoric  acid.  Enough  of  a  potassium  fluoride  solution  was  added  to  the 
resulting  transparent  solution  to  form  K2Nltf  ^  and  KjTapT,  plus  enough  water  to  keep  the  acid  concentration 
from  exceeding  2^,  as  indicated  by  Savchenko  and  Tananaev  [5].  The  resulting  crystals  of  potassium  fluoro- 
tantalate  were  filtered  out  on  a  lead  Buchner  funnel  and  washed  with  a  small  quantity  of  cold  water.  The 
filtrate  and  the  wash  waters,  which  contained  potassium  oxyfluoroniobate  and  traces  of  potassium  fluotanta- 
late,  were  evaporated  to  dryness  in  a  lead  cup  and  then  heated  to  110-120  *  to  eliminate  the  excess  hydro¬ 
fluoric  acid. 

To  remove  all  traces  of  tantalum  the  crystals  of  potassium  oxyfluoniobate  were  dissolved  in  water, 
the  resultant  solution  being  heated  on  a  water  bath.  To  the  hot  solution  there  were  added  0.5g  of  hydro¬ 
fluoric  acid  and  2  ml  of  a  saturated  solution  of  potassium  carbonate.  Some  time  later  a  minute  precipitate 
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of  the  salt  K4Ta40^Fi4  settled  out"  it  was  filtered  out.  The  filtrate  was  again  evaporated  to  dryness,  and  the  pro¬ 
cedure  for  removing  the  last  traces  of  tantalum,  repeated  as  described  above.  No  more  K4Ta4C^Fj4  was  found,  an 
indication  of  the  complete  separation  of  the  niobium  and  the  tantalum..  The  potassium  oxyfluoniobate  was 
treated  with  a  solution  of  antmonia  in  a  lead  beaker.  The  precipitated  niobium  pentahydroxide  was  washed 
with  water  until  all  the  fluorine  ions  had  been  eliminated.  Alter  drying  and  calcining,  the  niobium  pentoxide 
was  a  white  powder  that  contained  no  tantalum  pentoxide  A  text  for  titanium  was  negative.  ‘ 

The  potassitm?  carbonate  employed  in  this  !esea.rch  was  marked  "c.p.";  it  was  recrystalli^ed,  fused  in  a 
platinum  crucible,  and  pulverized  The  potassium  Puoiide  was  prepared  f'"om  tecrystallized  potassium  carbonate 
and  purified  hydrofluoric  acid. 

Method  of  arulysis.  The  percentage  of  niobium  pentoxide  in  the  samples  of  anhydrous  potassium  rnetanio- 
bate  was  determined  by  fusing  a  weighed  sample  of  the  salt  with  ten  times  its  weight  of  ammonium  bisulfate  and 
lixiviating  the  melt  with  a  ffijo  solution  of  ammonium  carbonate.  The  sufate  ions  could  then  be  readily  washed 
out  of  the  niobium  pentahydroxide  on  the  filter.  The  precipitate  on  the  filter  was  dried,  the  filter  paper  incin¬ 
erated,  and  the  residue  calcined  in  a  porcelain  crucible  to  constant  weight,  the  niobium  then  being  determined 
as  the  pentoxide.  The  percentage  of  potassium  oxide  was  detennined  by  the  method  suggested  by  K.  L.  Malyarov  [6]. 

EXPERIMENTAL 

Preparation  of  anhydrous  potassium  metaniobate.  Three  methods  are  given  in  the  literature  [1,  4,  7] 
for  preparing  anhydrous  potassium  metaniobate;  all  three  were  used  in  our  research. 

a)  Pure  niobium  pentoxide  was  fused  in  a  platinum  crucible  with  an  equimolecular  amount  of  potassium 

carbonate  and  potassium  fluoride,  used  as  a  flux.  After  the  melt  had  cooled,  the  crystalline  mass  was  extracted 
from  the  cmcible  and  treated  with  boiling  water  to  remove  the  potassium  fluoride.  Microscopic  examination 
readily  demonstrated  the  crystalline  stmcture  of  the  substance  produced.  The  crystals  were  cubic,  resembling 
the  crystals  of  sodium  metaniobate  described  by  Holmquist  [8],  ^ 

Analysis  of  the  crystals  yielded  the  followii^  results" 

0.2347,  0  2084  g  substance;  0,1718.0,  0.1421  g  NbjOs;  0.0630,  0.0560  g  KjO.  Found  <7o:  NbjOj  73.19, 

73.21;  K*0  26  84.  26  82.  KNbOs  Calculated  NbjOj  73.28;  K*0  26.72. 

b)  Equimolecular  quantities  of  potassium  carbonate  and  niobium  pentoxide  were  thoroughly  pulverized 
and  mixed  together  and  then  transferred  to  a  silver  crucible  The  mixture  was  heated  to  800*  in  a  crucible  fur¬ 
nace  to  drive  off  all  the  carbon  dioxide.  The  contents  of  the  crucible  were  then  transferred  to  a  beaker  contain¬ 
ing  hot  distilled  water  to  eliminate  the  minute  excess  of  potassium  carbonate.  After  the  crystals  had  been 
washed  and  dried  ,  they  were  examined  under  the  microscope.  They  resembled  the  crystals  of  potassium  metan¬ 
iobate  prepared  by  the  preceding  method. 

Analysis  yielded  the  following  results; 

0  1983,  0  2008  g  substance:  0  1452,  0  1469  Nb^Og;  0  0534,  0.0538  g  KjO.  Found  Nb^Og  73.23. 

73  20;  KjO  26  83,  26.82.  KNbOg  Calculated  <7o:  NbjOg  73.28;  KjO  26  72. 


c)  A  mixture  of  niobium  pentoxide  and  K2CO3  in  the  molecular  proportions  of  1;5  was  mixed  and  melted 
over  a  blowpipe  flame.  The  molten  mass  was  cooled  and  then  lixiviated  with  a  small  quantity  of  cold  distilled 
water.  As  Bedford  had  found  [9]  for  sodium  niobate,  this  yielded  the  salt  Naj4Nb^2C)37“32H20.  In  the  case  of 
potassium  niobate  the  salt  was  Kj4Nbi20j7*  28H3O.  The  potassium  niobate  was  filtered  out  of  the  mother  liquor 
and  dried  in  air,  after  which  it  was  transferred  to  a  platinum,  crucible  and  calcined  for  2  hours  at  a  temperature 
in  excess  of  700*.  The  salt  was  first  ddiydrated  and  then  decomposed  forming  KNbOg.  The  resultant  potassium 
metaniobate  was  water-insoluble  Microscopic  examination  revealed  that  the  potassium  metaniobate  retained 
the  7:6  form  of  salt  crystals  (minute,  stub  prisms). 

Analysis  yielded  the  following  results; 

0.1549,  0.1809  g  substance:  0.1133,  0.1325  g  NbjOg;  0.0413,  0.0482  g  K*0.  Found  <5b:  Nb,Oi 
73.15,73.24;  K*0  26  68,  26.62  KNbOj  Calculated  <5^:  NbjOg  73.28;  KjO  26.72. 
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In  view  of  the  fact  that  there  is  no  information  in  the  literature  on  0ie  pyknometiic  determination  of  the 
specific  j^avity  of  potassium  metaniobate,  we  were  interested  Ih  learning  whether  the  method  of  preparing  this 
salt  had  an  effect  upon  its  specific  gravity.  The  specific  gravity  was  determined  in  a  pyknometer  with  toluene. 
The  test  data  are  listed  in  Table  1. 


TABLE  1 

Specific  Gravity  of  Anhydrous  Potassium  Metaniobate  Prepared  in  Different  Ways 


Method  of  preparing  anhydrous  potassium  metaniobate 

Specific  gravity 

1 

Fusing  equimolecular  quantities  of  NbjOg  and  K2CO3 . 

4.596 

2 

Fusing  equimolecular  quantities  of  K2CO3,  KF,  and  Nb20g  ... 

4,588 

3 

Decomposing  Kj4Nbi2057-28H20 . 

4,586 

Mean  value . 

4.590 

According  to 
Windmaisser  [7], 
anhydrous  potassium 
metdniobate  decomposes 
at  high  temperature, 
yielding  an  acid  niobate 
of  undetermined  compo¬ 
sition.  His  paper  makes 
no  mention  of  the  temper¬ 
ature  at  which  the  potas¬ 
sium  metaniobate  decom¬ 
poses. 

We  made  the  following  test  to  determine  the  melting  point  of  potassium  metaniobate  and  to  ascertain  its 
thermal  stability  at  high  temperature.  A  platinum  crucible  containing  2  g  of  anhydrous  potassium  metaniobate 
was  placed  in  a  crucible  furnace  heated  to  1200*'.  A  pyrometer  with  a  platinum-pladnum-rhodium  thermocouple 
that  had  been  previously  calibrated  with  K|Crt07,  NaCl,  and  K2SO4  was  used  to  measure  temperatures.  The  potas¬ 
sium  metaniobate  melted  completely  at  1200*.  One  end  of  the  thermocouple,  protected  by  a  platinum  tip,  was 
immersed  in  the  molten  salt.  The  melting  point  was  determined  from  the  cooling  c  urve.  The  salt  was  heated  to 
fusion  and  the  melting  point  was  determined  three  times.  Substituting  a  corumdum  crucible  for  the  platinum  one 
made  no  difference  in  the  shape  of  the  cooling  curve  or  in  the  melting  point  of  the  salt.  The  melting  point  of 
anhydrous  potassium  metaniobate  was  found  to  be  1184  "L.  2*. 


The  cooled  melt  had  a  distinctly  crystalline  structure. 

To  learn  whether  potassium  metaniobate  decomposed  at  1200*,  the  salt  was  taken  out  of  the  crucible  and 
boiled  in  water.  The  salt  remained  insoluble.  Analysis  indicated  its  composition  was  as  follows: 

0.2013,  0.1890  g  substance:  0.1475,  0.1384  g  NbjOg;  0.0539,  0.0504  g  K,0.  Found  NbiOj 
73.31,73.23;  KjO  26.79,  26.67.  KNbO*.  Calculated  <51):  NbiOj  73.28;  K^O  26.72. 


The  results  of  analysis  show  that  potassium  metaniobate  does  not  decompose  when  fused. 

To  ascertain  the  effect  of  the  method  of  preparation  upon  the  stmcture  of  anhydrous  potassium  metanio¬ 
bate  we  made  an  X-ray  analysis  of  two  samples  of  KNbO^.  The  photograph  was  taken  with  FeK^  rays. 

The  diameter  of  the  chamber  was  close  to  57.3  cm,  sodium  chloride  serving  as  the  standard  substance. 
The  measurements  are  listed  in  Tables  2  and  3. 

Comparing  the  Debye  crystallograms,  as  well  as  the  values  of  sin  0,  and  sin*  ©listed  in  the  tables,  we 
readily  see  that  they  are  identical.  Calculations  indicate  that  anhydrous  potassium  metaniobate  has  a  lattice 
parameter  ^  =  4.007  *  0.003A  . 

The  specific  gravity  calculated  by  Quill  from  X-ray  data  is  inaccurate,  since  he  used  an  atomic  weight 
of  93.3  for  niobium. 

Substituting  the  value  of  the  lattice  parameter  a^  =  4.007  ±  0,003  A  in  the  formula  for  density  derived 
in  that  paper  and  taking  the  atomic  weight  of  niobium  as  92.91,  we  get: 


1-179. 92 -1.65  >10'*^ 
(4.007-10"*)* 


4.614. 


This  research  dem-onstrates  that  the  crystalline  stmcture,  lattice  parameter,  and  specific  gravity  of 
anhydrous  potassium  metaniobate  are  unaffected  by  the  method  used  in  its  preparation. 
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TABLE  2 


KNbOj,  Prepared  by  Reacting  Equir^  olecular  Quantities  of  KjCOi,  KF,  and  NbjOg 


FeKfl.X  =1  932  A  30  kiiovolts,  40  irilliaiTps/g 


No. 

hkl 

Intensity 

1  corrected 

a 

0 

sin  9 

sin^  0 

sin^  0  =  q(h*  +  k*  +  1*) 

1 

— 

1 

12  83  - 

— 

12‘50' 

0  2221 

- 

- 

2 

100 

10 

13.97 

4  006 

13  57 

0.2411 

0.05817 

LXO  05817 

3 

- 

4 

17,75 

- 

l7  45 

0.3048 

- 

- 

4 

110 

10 

19.97 

2.831 

19  57 

0,3413 

0.11652 

2X0.05826 

5 

111 

1 

23.68 

2,314 

24  41 

0  4176 

0.1744 

3X0.05813 

6 

- 

2 

25  64 

- 

25  38 

0  4326 

“ 

- 

7 

200 

9 

28.85 

2.003 

28  51 

0.4826 

0.2339 

4X0.05822 

8 

210 

7 

32.65 

1.791 

32  39 

0  5394 

0.2910 

5X0.05819 

9 

211 

10 

36  22 

1.636 

36  12 

0  6903 

0.3487 

6X0.05811 

10 

220 

10 

42.  97 

;..4:8 

42  57 

0  6817 

0.4647 

8X0.05809 

11 

221 

7 

46  33 

1.336 

46  20 

0.7234 

0.5233 

9X0.05814 

12 

310 

8 

49  63 

1.268 

49  38 

0  7619 

0.5804 

10X0.05804 

13 

313 

4 

53.05 

1.209 

53  03 

0.7990 

0  6384 

11X0.05804 

14 

- 

1 

55.13 

- 

55  08 

0  8205 

“ 

- 

15 

322 

7 

56.65 

1.156 

56  39 

0.8354 

0  6971 

12X0  05809 

16 

320 

!  4 

60  37 

i.il2 

60  22 

0.8691 

0.7554 

13X0.05811  . 

17 

321 

'  10 

s  64  3S  I 

1.080 

64  23 

0.9017 

0  8130 

14X0.0.5807 

Note:  For  FeK^  dn^  0  =  0  05813  (fc*  ^  +  1*);  4.006  1  0.002  A . 


TABLE  3 

KNbO^,  Prepared  by  OecoiGposing  Ki^Nb^gO^y  »  28H2O 


FeKfl.  =  1,932  A ,  30  Kilovolts,  40  TTiiiliarr.,ps/g 


No. 

1  hkl 

Intensity 

1  c  orrec  ted 

d 

”b 

sin  0 

sin*  0 

sin*  0  =  q(h*  4  -k*  +  ) 

1 

1 

12.86 

— 

12‘'52” 

0.2227 

- 

- 

2 

13,98 

13  58 

0.24  i2 

3 

1 

18  33 

0.3148 

- 

- 

4 

19.96 

2.833 

1  19  57 

0.3412 

0.1.1644 

2X0.05822 

5 

111 

2 

24.70 

2,311 

j  24  42 

0.4179 

0.1747 

3X0  05823 

6 

- 

3 

26.4. 

- 

1  26  25 

0.4449 

... 

7 

8 

28.84 

0.4824 

0.2327 

4X0.05817 

8 

i  8 

32  63 

1.79i 

1  32  38 

0.5391 

5X0.05814 

9 

211  i 

36.22 

1.634 

0.3491 

10  1 

43  03 

i.4i5 

43  02 

0.6824 

0.4657 

11 

221  i 

6 

46.33 

1.335  j 

0.5232 

9X0.05813 

12  ! 

310  ; 

8 

49.73 

1.266 

1  4944  j 

0.5818 

10X0.05818 

13 

311 

5 

53.14 

14 

- 

10 

54.32 

1 

I  54  19  ! 

1  0.8 123 

- 

1  - 

15 

222 

10 

56.72 

1.155 

56  43 

0,8360 

0.6983 

’  12X0.05819 

16 

320 

3 

60.42 

1.111  j 

1  60  25 

0.8697 

0.7563 

13X0.05818 

17 

321 

8  i 

64.50 

0.8148 

i  14X0.05815 

2.  The  melting  point  of  anhydrous  potassium  metaniobate  has  been  found  to  be  1184^  2*. 

3.  been  proved  that  anhydrous  potassium  metaniobate  does  not  undergo  decomposition  when  fused. 

4.  I:  nas  been  tound  that  the  crystallographic  habit  of  anhydrous  potassium  metaniobate  varies  with  the 
method  of  preparation. 

5.  It  has  been  shown  that  the  unit  cell  of  the  space  lattice  of  anhydrous  potassium  metaniobate  belongs 

*^0  the  cubic  system.,  no  matter  what  the  method  used  in  its  {reparation,  with  a  lattice  parameter  of  a^  =  4.007  * 
10.003  A. 

6.  The  specific  gravity  of  anhydrous  potassium  metaniobate  is  4.590  as  determined  pyknometrically  in 
toluene,  this  figure  being  close  to  the  value  of  4.614  derived  from  the  X-ray  measurements. 
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THE  DENDRITIC  CRYSTALLIZATION  OF  VARIOqS  SALTS  FROM  AQUEOUS  SOLUTIONS 

I.  THE  FORMATION  OF  DENDRITIC  CRYSTALS  OF  NH4QI,  KCl.  AND  ^laCl  AND 
THEIR  MODfflCATION  BY  VARIOUS  IMPURITIES 

Yu.  Ya.  Tilmans 


In  a  series  of  previous  papers  [1]  the  author  has  Investigated  the  features  Involved  in  the  production  of  den¬ 
dritic  forms  of  growth  of  crystals  of  NH4CI  and  NH^^r  and  the  modifying  action  of  traces  of  ions  of  various  metals 
upon  the  habit  of  these  crystals.  He  found  that  the  presence  of  various  cations  in  the  solution  always  produces  the 
same  sequence  of  changes  in  the  crystal  habit  of  NH4CI  and  NH^^r. 

Under  ordinary  conditions  these  substances  crystallize  only  as  treelike  fornutions  —dendrites.  It  is  impos¬ 
sible  to  secure  crysuls  of  these  salts  with  regular  faces  no  matter  how  the  physical  condlti  ons  of  crystallization 
(degree  of  solution  supersaturation,  solution  viscosity,  or  rate  of  temperature  drop)  are  varied. 

Gradually  adding  impurities  of  various  ions  to  the  solution  produces  a  change  in  the  external  faceting  of 
the  crystals.  Instead  of  dendrites,  we  get  crystals  of  stellate,  four-petaled.  four-sectored,  and  finally  cubic  form, 
depending  upon  the  concentration  of  the  impurity.  Even  when  the  effect  of  the  impurity  is  slight,  yielding  only 
imperfect,  intermediate  crystalline  forms,  the  sequence  of  habit  changes  persists.  A  sharp  change  in  the  habit 
of  the  crystals,  namely,  a  change  from  dendrite  to  cube,  is  attained  after  a  certain  percentage  of  the  impurity 
of  the  given  ion  has  been  added  at  the  given  temperature. 

The  molar  concentration  of  cations  in  solution  required  for  a  sharp  change  in  faceting  is  an  index  of  the 
intensity  of  the  effect  of  the  ion  upon  the  external  faceting  of  the  crystals. 

The  hypothesis,  based  upon  the  results  of  research,  that  a  given  percentage  of  one  Impurity  may  be  re¬ 
placed  by  a  corresponding  ("equivalent")  percentage  of  another  was  also  tested  in  the  crystallization  of  ammon¬ 
ium  chloride  and  bromide  in  the  presence  of  traces  of  various  pairs  of  ions  (Fe"*^  Ni"^,  Fe"^^  ♦  Co"^, 

Fe*^  +  Cd-*^,  Ni"^  +  Ca"*^',  and  the  like). 

The  results  of  these  tests  showed  that  the  action  of  any  percentage  of  any  one  impurity  in  a  solution  may 
be  supplemented  by  a  certain  quantity  of  another,  corresponding  to  the  required  concentrations  of  each  of  these 
ions  when  they  act  independently  upon  the  faceting  of  crystals. 

When  the  temperature  drop  used  in  crystallization  is  made  steeper,  and,  hence,  the  change  in  the  degree 
of  supeisaturation  with  time  becomes  more  rapid,  the  action  of  Impurities  grows  weaker,  a  higher  impurity 
concentration  being  required  for  achieving  a  sharp  change  in  the  crystal  habit.  Further  research  on  the  effect 
of  various  ions  as  impurities  in  the  solution  has  yielded  similar  results.  The  homotypy  of  the  action  of  several 
ions  upon  die  crystalline  form  of  NH4QI  and  NH^pr.  the  identical  sequence  of  formation  of  the  same  series  of 
crystalline  forms  in  every  instance,  and  the  additivity  of  the  action  of  these  impurities  lead  us  to  conclude 
that  the  faceting  of  crystals  is  influenced  by  a  single  factor,  related  to  the  orienting  field  of  force  of  the  given 
ion  and  to  its  adsorption  at  the  active  centers  on  the  various  faces  of  the  crystals. 

In  the  ions  tested  as  impurities;  the  intensity  of  their  action  upon  crystal  form  rises  parallel  with  the  in¬ 
crease  in  the  ion's  field  of  force,  and  the  impurity  concentration  required  to  produce  a  given  effect  — the  transi¬ 
tion  from  the  dendrite  form  to  the  cubic  form  of  the  crystals— diminishes  accordingly.  As  to  the  reasons  for 
the  dendritic  crystallization  of  various  substances  from  a  melt  or  from  solution,  they  are  unknown  at  the 
present  time. 

According  to  Lehmann  [2],  the  crystallization  of  salts  from  solution  as  dendrites  involves  a  locally  repeti¬ 
tive  change  in  concentration.  The  solution  is  periodically  rendered  poorer  in  nutrient  material  in  the  layers 
directly  adjacent  to  the  nascent  seed  crysuls,  owing  to  the  increased  rate  of  deposition  of  the  substance.  With 
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the  emergence  of  density  differences  in  various  layers  of  the  liquid,  convection  and  diffusion  currents  begin  to 
level  out  the  concentration  throughout  the  liquid,  again  making  the  solution  supersaturated,  again  intensifying 
the  deposition  of  the  substance,  and  forming  dendritic  branches 

A  similar  change  in  concentration  and  the  formation  of  dendrites  takes  place  during  crystallization  from 
the  molten  state,  owing  to  the  liberation  of  the  latent  heat  of  fusion  by  the  nascent  crystals,  which,  in  turn, 
causes  a  transitory  superheating  of  the  liquid  in  the  proximity  of  the  crystals  and  hence,  a  retardation  of  crystal¬ 
lization.  After  the  heat  has  been  dissipated  to  the  surrounding  layers,  increased  crystallization  resumes. 

A,  V  Subnikov  [3]  believes  that  the  uneven  diffusion  of  the  substance  into  various  parts  of  the  crystal 
whenever  the  viscosity  of  the  solution  is  high  is  the  major  reason  for  the  production  of  dendritic  forms.  The 
edges  and  vertices  of  the  crystals  obtain  much  more  of  the  nutrient  material  than  do  the  faces. 

V.  D.  Kuzbetsov  [4]  maintains  that  the  presence  of  impurities  in  the  solution  is  the  cause  of  dendrite 
formation. 

Petrov  and  Bukhanova  [5],  employing  the  Gibbs-Curie-Wulff  principle  (of  minimum  surface  energy) 
and  the  Bravet  principle  (of  maximum  reticular  density),  regard  the  formation  of  dendrites  in  crystallization 
from  molten  metals  as  due  to  the  higher  surface  energy  of  the  crystal's  vertices  and  edges,  compared 
to  that  of  its  faces.  The  unlike  tendencies  of  different  metals  to  form  dendrites  is  attributable,  in  the 
opinion  of  these  authors,  to  the  very  nature  of  the  crystal,  its  lattice  structure. 

Opinions  also  differ  as  to  what  a  dendrite  is.  Some  researchers  (Bochvar,  Tammann,  etc.  [6])  main¬ 
tain  that  a  metallic  dendrite  is  a  treelike  crystal  growing  out  of  a  single  center. 

Other  authors,  such  as  Oknov  and  Gaev  [5]  believe  that  dendrites  are  junctions  of  separate  crys¬ 
talline  aggregates,  oriented  in  a  certain  way  because  of  various  factors  (heat  transfer,  field  of  force,  etc.). 

According  to  Slavinsky  [5],  a  dendrite  is  a  twinned  formation,  growing  simultaneously  along  three 

axes. 

The  present  research  has  as  its  objective  a  study  of  the  conditions  governing  the  constitution  of  den¬ 
dritic  forms  during  the  crystallization  of  various  salts  from  solution  and  the  feasibility  of  modifying  these 
forms  when  various  impurities  are  present.  We  have  chosen  ammonium,  sodium,  and  potassium  chlorides 
as  subjects  of  investigation,  the  first  crystallizing  solely  in  dendrites  under  ordinary  conditions,  the  second 
exhibiting  a  tendency  toward  dendritic  crystallization,  and  the  third  exhibiting  these  forms  only  under  ex¬ 
ceptional  conditions. 


EXPERIMENTAL  METHOD 

Solutions  of  NH4CI,  NaCl,  and  KCl,  saturated  at  various  temperatures,  were  employed  in  our  crystal¬ 
lization  tests.  Gelatin,  agar-agar,  glycerol,  and  alcohol  were  added  portionwise  to  identical  volumes  of 
these  solutions,  after  which  a  drop  of  the  solution  was  spread  in  a  thin  layer  on  a  glass  slide  and  examined 
under  the  microscope.  The  impurity  was  added  until  the  precipitated  crystals  were  predominately  dendritic. 
Then  drops  of  impurity  solutions— FeClj,  CoCl*,  NiCl2.  etc.  —  were  added  to  these  solutions  a  drop  at  a 
time,  and  die  step-by-step  reverse  transition  from  the  dendritic  forms  to  the  initial  forms  characteristic 
of  these  substances  was  observed  microscopically. 

The  several  stages  of  the  dendritic  growth  of  the  crystals  were  photographed. 

EXPERIMENTAL 

Dendritic  crystall  izadon  of  KCl.  1.  KCl  crystallizes  from  aqueous  solutions  as  well-defined  cubes. 
When  a  drop  of  an  unsaturated  solution  or  a  thin  layer  of  the  solution  on  a  glass  slide  is  observed  under  the 
microscope,  we  can  follow  the  evolution  of  dendritic  forms  (Fig.  1).  A  square  platelet  is  formed  at  first, 
which  grows  irregularly.  A  dendrite  rapidly  develops  at  one  or  two  vertices  of  this  crysul.  ^  ^ 

2.  5  ml  of  a  1*^  solution  of  agar-agar  was  added  to  20  ml  of  a  10^  solution  of  KCl.  The  solution  was 
stirred  as  it  was  heated  to  50*.  Then  a  drop  of  the  solution  was  placed  on  a  glass  slide  and  slowly  evaporated, 
the  temperature  of  the  surroundings  being  20*. 

See  plate  page  609. 
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KCl  crystallized  from  such  a  solution  chiefly  In  the  shape  of  fine  branched  dendrites,  growth  usually  be> 
ginning  at  the  periphery  of  the  drop,  the  major  axis  of  the  dendrite  rapidly  shifting  to  the  center  of  the  drop, 
where  a  fev  crystals  of  regular  shape  settled  out.  As  evaporation  continued,  a  fine  network  of  dendrites 
also  developed  between  the  cubes  at  the  center  of  the  drop.  Dendrites  were  often  observed  to  grow  out  of  the 
vertices  of  the  cubic  crystals  (Fig.  2).*^ 

3.  We  used  15^  and  20^  KCl  solutions  and  a  solution  saturated  at  50^  adding  5  ml  of  agar^gar  to  each. 
The  crystallization  conditions  were  the  same  as  before. 

Microscopic  examination  disclosed  that  the  higher  the  temperature  drop  of  KCl  crystallization,  the 
harder  it  was  for  dendritic  forms  to  arise.  We  were  unable  to  secure  crystals  of  predominately  dendritic  form 
from  solutions  that  were  saturated  at  temperatures  only  slightly  above  room  temperature. 

4.  A  series  of  dilute  KCl  solutions  was  tested.  Drops  of  solution  were  slowly  evaporated  on  a  glass  slide. 
The  lower  the  concentration  of  the  solution,  .the  fewer  regular  cubes  settled  out;  then  the  cubes  vanished  com> 
pletely,  and  crystallization  Involved  nothing  but  fine,  highly  branched  dendrites. 

As  the  solution  concentration  was  diminished,  the  percentage  of  agar-agar  required  to  produce  a  fully 
dendritic  picture  likewise  decreased.  The  gradual  addition  of  agar-agar  as  an  Impurity  produced  a  ttanslrion 
from  the  cube  to  the  dendrite.  As  a  rule,  the  mpture  of  the  conect  form  began  at  vertices  of  the  cube,  often 
at  several  vertices  at  once  (Fig.  3.  a,b).*) 

As  the  concentration  of  agar-agar  in  the  KCl  solution  was  raised,  the  cubic  crystals  disappeared  completely, 
nothing  but  dendrites  settling  out  and  becoming  finer  and  finer  and  more  and  more  highly  branched.  A  lQ/%  con¬ 
centration  of  agar-agar  In  the  solution  produced  a  wholly  dendritic  crystallization  of  KCl. 

5.  Glycerol  was  tested  as  an  Impurity,  the  crystallization  conditions  remaining  the  same.  The  presence 
of  glycerol  heightened  the  tendency  of  KCl  to  develop  dendritic  forms,  but  no  fine  dendrites  appeared  even  when 
the  glycerol  concentration  In  the  solution  Is  high. 

The  gradual  transition  from}  the  cubic  form  to  the  characteristic  dendritic  form  when  glycerol  was  pres¬ 
ent  is  exhibited  in  Fig.  4,  a,b,c.  *) 


When  KCl  was  crystallized  from  solutions  saturated  at  50*  and  above,  which  contain  glycerol,  elongated 
rodlike  crystals  settled  out  (Fig.  5). 

Conversion  of  the  dendritic  crystal  forms  to  the  ctddc  under  the  Influence  of  admixtures  of  FeCl«.  NlClg, 
and  C^lt.  The  powerful  effect  of  Ae  presence  of  Fe'^,  Co*^.  and  Nl**^  tons  In  the  solution  upon  the  habit  of 
NH4CI  and  NHs^r  has  been  referred  to  above,  the  dendrites  being  gradually  converted  Into  cubes. 

In  the  present  research  we  have  studied  the  effect  of  the  same  impurities  upon  the  habit  of  KCl  in  solu¬ 
tions  to  which  enough  agar-agar  had  been  added  to  develop  dendritic  forms. 


Effect  of  Fe"*"*^.  We  used  20  ml  of  a  lQf%  solution  of  KCl  5  ml  of  a  solution  of  agar-agar.  Drop  by 
drop  we  gradually  added  0.273  mole  of  FeCl^  per  liter  as  an  Impurity.  The  crystallization  conditions  remained 
the  same  as  before. 


The  dendritic  form  gradually  vanished  at  the  center  of  the  drop.  The  dendritic  branches  grew  thicker, 
becoming  faceted  at  their  ends,  the  number  of  branches  diminishing,  with,  finally,  only  first-order  axes  left. 
When  more  of  the  impurity  is  added,  well-formed  crystals  of  KCl  are  formed. 


The  reverse  transition  from  the  dendrite  to  the  cube  takes  place  in  the  order  shown  in  Table  1. 

Individual  stages  of  the  reverse  transition  from  the  dendritic  form  to  the  cubic  are  shown  in  Fig.  6.  g,  h.*^ 


Effect  of  Ni"*^.  The  crystallization  conditions  were  the  same  as  before.  An  admixture  of  an  NiClf  solu¬ 
tion  was  added  a  drop  at  a  time  to  a  solution  of  KCl  containing  agar-agar.  The  first  few  drops  of  NiClj  caused 
no  noticeable  changes;  the  dendritic  crystals  retained  their  shape.  As  the  concentration  of  the  impurity  in 
the  solution  increased,  Reformed  polyhedra  appeared  at  the  center  of  the  drop,  with  dendrites  growing  out  of 
their  vertices  (Fig.  7). 

A  further  increase  of  the  NiCl^  concentration  in  the  solution  decreased  the  number  of  dendrites.  Indivl- 
dual  dendrites  could  be  seen  at  the  center  of  the  drop,  growing  out  of  the  crystal  vertices,  with  their  branches 

*)  See  Plate,  page  609. 
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TABLE  1 


Concentration  of 
impurity,  milli- 
moles/liter 

0.5 
8  7 

30 

41 


Change  in  crystal  habit 


Large  number  of  fine  dendrites,  some  cubes,  from  whose  vertices  dendrites  grow  (Fig.  6^  a.b). 

The  number  of  dendrites  drops.  The  ends  of  the  branches  become  faceted.  Large  number  of 
square  platelets  and  cubes  (Fig.  6,  c.d).  * 

Only  the  thickened  first-order  axes  are  left  of  the  dendritic  form,  exhibiting  only  stubby, 
faceted  growths  instead  of  the  lateral  branches;  some  platelets  and  cubes  (Fig.  6,  e).  * 

No  dendrites,  large  number  of  true  cubes  and  platelets.  Only  in  rare  crystals  is  there 
still  a  tendency  toward  the  growth  of  dendrites  from  their  vertices  (Fig  6,  f).  * 


s 


acquiring  facets  at  their  tips.  When  the  concentration  of  NiCi2  in  the  solution  reached  178  millimoles  per  Uter, 
the  dendrites  vanished. 

Effect  of  00"*^.  Adding  CoCl^  to  a  KCl  solution  containing  agar-agar  produced  a  similar  result.  All  the  den¬ 
dritic  forms  disappeared  when  the  concentration  of  the  impu.rlty  in  solution  was  194  millimoles  per  liter. 

Dendritic  crystallization  of  NaCl.  NaCl  crysialUzes  from  an  aquemrs  solution  as  cubes,  no  matter  what  the 
temperature  drop  of  crystallization.  The  dendritic  fomis  appear  only  when  a  thin  layer  of  solution,  produced  by 
simply  immersing  a  glass  slide  in  the  solution,  is  evaporated.  This  produces  sxeletal  forms.  Quicker  evaporation 
of  the  drop  by  means  of  an  air  jet,  with  the  resulting  rapid  change  in  the  degree  of  supersaturation,  causes  the 
usual  denddtes  to  form. 

Effect  of  the  admi  xture  of  agar-agar.  We  added  10  ml  of  a  l<5b  solution  of  agar-agar  to  20  ml  of  an  NaCl 
solution  saturated  at  25”.  The  temperature  of  the  surrounding  environment  was  20*.  Dendrites  began  to  grow  at 
the  edges  of  the  drop,  cubes  and  square  platelets  settling  out  at  the  center,  after  which  the  intervening  space  filled 
up  completely  with  thin,  finely -branched  dendrites.  Dendrites  grew  out  of  the  vertices  of  several  cubes,  as  in  the 
case  of  the  KCl. 

When  glycerol  was  present,  the  NaCl  crystallized  in  forms  resembling  those  found  in  the  KCl  (Fig.  4)f  The 
addition  of  ethyl,  butyl,  or  Isoamyl  alcohol  promotes  the  crystallization  of  the  NaCl  as  elongated  rodlike  crystals. 

Conversion  of  the  dendritic  form  of  NaCl  into  the  cubic  when  admixtmes  of  FeClg,  NiClg.  or  CoCla  are  present. 
Numerous  tests  have  shown  that  admixtures  of  Fe"*^'*’,  Ni"*^,  and  Co’*"*’  in  the  solution  cause  a  step-by-step  conver- 
sion  of  the  dendritic  form  into  the  cubic  at  a  certain  concenuation  of  the  admixture. 


The  limitii^  admixture  concentrations  that  cause  the  total  conversion  of  the  NaCl  dendrites  into  cubes  are 
lower  than  in  the  crystallization  of  KCl, 


Dendritic  crystallization  of  NHjCl  the  effect  of  im.purities  upon  the  faceting  of  the  crystals.  Ammon¬ 
ium  chloride  always  crystallizes  from  aqueous  solutions  in  dendrites,  no  matter  what  the  crystallization  condi¬ 
tions  may  be.  At  gradual  temperature  drops  and,  hence,  slight  changes  in  the  supersaturation  conditions  with 
time  and  low  crystallization  rates.,  the  dendrites  are  formed  in  the  following  sequence  (Fig.  8). 


At  first  we  see  a  spherical  crystal  being  formed  within  the  field  (^.  When  the  crystal  has  reached  a  cer¬ 
tain  size,  we  see  it  turning  into  a  rounded  square  (^,  and  then  into  a  star  (^,  the  tips  of  which  grow  rapidly  to 

»)  See  plate,  page  609. 


464 


form  a  crou  (d)  with  rounded  ends.  These  micro¬ 
scopic  observations  can  be  made  by  evaporating  a 
drop  of  the  solution  slowly  on  a  glass  slide. 


t 


Figure  9 

impurities  such  as  agar  agar,  glycerol,  or  alcohol  are 


When  the  degree  of  supersaturation  and  the 
crystallization  rate  are  high,  finely-branched  den¬ 
drites  are  observed.  The  first-order  axes  of  these 
dendrites,  shaped  like  sharp  arrows,  travel  rapidly 
from  one  edge  of  the  drop  to  another.  Side  branches 
grow  simultaneously,  but  at  a  slower  rate,  most 
often  at  right  angles  to  the  first-order  axis. 

The  addition  of  various  amounts  of  agar-ugai; 
or  ethyl,  butyl,  or  amyl  alcohol  produced  no  change 
in  the  dendritic  forms. 

The  admixture  of  FeCl|.  NiClf ,  or  CoClf  to  a 
solution  of  Nii||Cl.  whether  pure  or  containing  various 
percentages  of  agar-agar,  gradually  modifies  the  shape 
of  the  crysuls.  As  the  admixtures  are  added,  the 
usual  dendrites  are  replaced  by  large  arrows,  crosses, 
smaller  crosses,  rosettes,  four-pointed  stars,  thickened 
platelets  of  not  quite  regular  shape,  square  platelets, 
and,  finally,  cubes  (Fig.  9). 

The  concentration  of  FeCly  required  to  convert 
the  dendrites  of  Nlf^l  into  cubes  when  agar^gar 
was  present  was  131  millimoles  per  liter,  or  mote 
than  when  the  NH^l  was  pure  (64  millimoles  per 
liter). 

EVALUATION  OF  RESULTS 

1.  A  detailed  study  of  the  conditions  governing 
the  crysuUization  of  ammonium,  sodium,  and  potas¬ 
sium  chlorides  enables  us.  first  of  all,  to  assert  that 
the  dendrites  of  these  substances  are  treelike  single¬ 
crystal  formations,  grovring  out  of  a  single  center. 

This  is  true  both  of  the  formation  of  a  branched  den¬ 
drite  from  a  seed  crystal  and  of  the  numerotu  in¬ 
stances  of  the  growth  of  dendrites  from  the  vertices 
of  fairly  large  cubic  crystals. 


2.  The  three  salts  we  have  investigated  differ 
greatly  in  their  tendency  to  crystallize  in  dendritic 
form.  Ammonium  chloride  yields  nothing  but  den¬ 
drites,  from  a  pure  aqueous  solution  as  well  as  when 

present. 


Potassium  chloride  tbrms  dendrites  under  specific  crystallization  conditions,  most  readily  in  the  presence 
of  agar-^gar,  gelatin,  and  other  substances  that  increase  the  viscosity  of  the  solution. 

Sodium  chloride  exhibits  a  lesser  tendency  to  form  dendrites,  but  dendrites  are  formed  when  this  salt  is 
crysulUzed  from  thin  solution  layers  or  when  an  admixture  of  agar-agar  is  present. 

When  it  is  remembered  that  many  other  salts  form  dendrites  under  certain  conditions,  it  may  be  suted 
that  the  only  role  of  admixtures  of  substances  that  increase  the  viscosity  of  the  medium  and  hamper  the  diffusion 
of  the  nutrient  material  into  the  growing  crystal  is  to  increase  fire  Inherent  tendency  of  salts  toward  dendritic 
crystallization.  This  is  borne  out  by  the  formation  of  dendrites  in  sodium  chloride. 
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Considering  the  separate  stages  Involved  in  the  toimadon  of  a  dendrite  from  a  cubic  crystal  of  NaCl  or 
KCl,  we  find  that  growth  occurs  chiefly  at  the  vertices  of  the  crystal,  as  is  observed  very  often  in  many  other 
substances. 

At  first  true  cubes  grow  out  of  the  solution  drops.  When  they  have  reached  a  certain  size  and  the  nutrient 
material  is  dimirdshed,  uneven  surface  energy  develops  at  the  vertices,  edges,  and  faces. 

The  uniform  growth  of  the  crystal  ceases  g;towtJi  occurring  chiefly  at  the  vertices  and  the  regions  adjacent 
to  them..  The  Individual  stages  of  dendrite  fomtadon  are  readily  visible  in  the  crystallization  of  KCl  (Fig.  1), 
since  its  rate  of  growth  is  low.  This  phenomenon  is  reinforced  by  nonuniform  diffusion  of  the  nutrient  material 
in  a  viscous  medium  (in  oiir  experiments,  by  crystailizadon  from  a  thin  layei  of  the  liquid  on  a  glass  slide, 
or  in  the  presence  of  agar-agar). 

As  A.  V.  Shubnikov  has  shown  in  his  paper  [3],  fhe  lines  of  diffusion  flow  are  bent  toward  the  edges  and 
vertices,  with  their  density  higher  at  these  points,  under  any  condidons  governing  the  grovirth  of  a  real  crystal. 

It  may  be  stated^  however,  ‘hat  this  nonuniforirdty  is  not  significant  under  normal  crystallization  condi¬ 
tions.  As  ihe  viscosity  of  the  medium  rises  cryraf.  growth  begins  ?.o  depend.,  more  and  more,  upon  diffusion 
and  the  preferential  access  of  the  nutrient  maieda,  to  its  vertices,  th.e  surface  energy  and,  hence,  the  rate  of 
grovnh  of  which  are  greater,  than  mat  of  other  elements  of  the  crysta.ls.  Under  these  condidons,  the  tendency 
of  the  substance  toward  dendiidc  growth  is  reinforced.  The  crysml  has,  as  it  were,  an  opportunity  of  growing 
rapidly  only  as  lanceolate,  treelike  foimadons. 

We  may  therefore  conclude  that  dendridc  forms  arise  as  the  result  of  the  combined  action  of  two  factors; 
the  relative  increase  in  the  surface  energy  at  the  vetices  and  edges  of  the  crystal  and,  hence,  their  increased 
rate  of  growth,  and  the  uneven  diffusion  of  the  nutrient  material  into  various  parts  of  the  crystal. 

The  first  of  these  two  factors  is  an  inherent  property ,  more  or  less,  of  many  substances,  depending  upon 
their  lattice  structure.  That  is  why  some  substances  readily  give  .rise  to  dendritic  forms  spontaneously,  vrithout 
any  external  influence  (ammonium  chloride  and  bromide,  potash,  alum,  potassium  dichromate,  and  many 
others ). 

Other  subsunces  display  this  tendency  only  when  the  degree  of  supersatuiation  changes  rapidly  and  diffusion 
is  hampered. 

3.  In  the  pwipers  by  Reblnder  [7],  Semenchenko  [8],  and  Serb-Serbina  [9],  these  authors  have  pointed  out 
that  surface-active  substances  promote  fineiBss  of  structure  and  modlficaiion  of  crystal  form  in  metallic  and 
nonmetallic  systems.  The  crystal  habit  undergoes  certain  changes  as  the  result  of  differences  in  the  linear  rate 
of  crystallization  aivanous  edges,  due  to  the  adsorption  of  imparities. 

In  the  tests  we  rat  adirdxtures  of  agar  -(^a-  or  glycerol  rrierely  accelerated  the  formation  of  dendrites. 

The  subsequent  addition  of  admixtures  of  FeCi^,  NiCl^,  or  C0CII2  to  these  solutions  produced  a  gradual  conversion 
of  the  dendrites  into  cubes  via  a  series  of  intermediate  forms. 

\ 

The  dendritic  forms  vanish  completely  at  a  certain  concentration  of  the  impurity  in  the  solution. 

A  comparison  of  the  limiting  concentrations  of  impurities  that  produce  a  conversion  of  a  dendrite  into  a 
cube  (Table  2)  indicates  that  the  greater  the  tendency  of  a  salt  to  form  dendrites,  the  higher  the  ion  concentra¬ 
tion  required  to  break  up  the  dendritic  forms  and  give  rise  to  well-<lefined  cubes. 

We  can  arrange  these  impurities  in  order  of  decreasing  effect  upon  the  f  aceting  of  crystals  as  follows: 

Fe"^"*^  ^Ni"*^  '^Co"*^,  corresponding  to  the  fields  of  force  of  these  ions. 

These  results  lead  us  to  assume  that  the  active  centers  of  the  crystal's  surface  are  charged  negatively  when 
one  of  the  ions  (in  our  case,  the  Cl~  ion)  is  present  in  excess,  resulting  in  the  adsorption  of  the  cations,  Fe"*^, 

and  Co-^. 

Adsorption  is  most  intensive  at  the  crystal  vertices.  This  eliminates  the  preponderant  growth  of  the  ver¬ 
tices,  and  the  dendritic  form  cannot  develop.  Detailed  microscopic  examination  of  all  stages  of  the  formation 
of  crystalline  forms  when  these  ions  are  present,  offers  convincing  proof  of  these  hypotheses  of  ours. 

When  the  concentration  of  the  Impurity  In  the  solution  is  beJjow  the  boundary  level,  square  platelets  settle 
out  of  the  solution  and  gradually  begin  to  grow  .  At  a  certain  instant  the  corners  of  the  square  begin  to  be  drawn 
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Cl  Ytailizi  .g 
salt 

.tntpyrity 

Limiting  concentration  of  impurity 
causing  a  dendrite-c»ibe  conversion, 
niL).ilmoles/liter 

r 

FeC'-s 

131 

NiC^^ 

1. 

CoCl, 

— 

j 

FeCi* 

41 

KCi  < 

NiCIjj 

178 

1 

CoCl^ 

194 

f 

j 

Pea, 

10 

NaCl  < 

NiCljj 

124 

1 

CoCl* 

126 

out,  so  that  further  growth  yields  some¬ 
thing  approaching  a  dendritic  form.  The 
addition  of  some  more  of  the  impurity 
gradually  offsets  this  tendency,  the  growth 
of  the  coiners  being  suppressed  by  the 
impurity  and,  finally,  cubic  foimations 
being  produced. 

It  should  likewise  be  noted 
that  breaking  down  the  dendritic 
forms  produced  in  the  presence  of 
agar-agar  or  glycerol  requires  a  higher 
concentration  of  the  impurity  ions  than 
when  the  dendrites  are  formed  without 
these  substances  present.  This  is  evi¬ 
dence  that  agar-agar  and  other  substances 
increase  the  tendency  of  salts  to  produce 
dendritic  forms  at  a  given  concentration 
in  solution. 


SUMMARY 


1.  A  study  of  the  ciystaliizavlon  of  the  salts  N  aCI.  ana  KCi  nas  demonstiated  that  the  dendrites  of 

these  substances  are  single- crystal  fornAations,  growing  from  a  single  cente;.r. 

2.  The  hypothesis  is  advanc^ed  that  the  prcniuction  of  deiidiidc  forms  is  due  to  d>.e  combined  action  of  two 
factors*  a)  the  increased  surface  energy  at  the  vertices  and  edges  of  crystals;  this  is  the  basic  factor;  the  ten¬ 
dency  r.o  form  dendrites  is  inherent  in  aU  three  of  me  salts  we  have  investigated,  in  different  degree,  depending 
upon  the  stractuie  of  their  space  lattices;  and  b)  the  uneven  diffusion  of  the  nutrient  material  into  various  ele¬ 
ments  of  the  crystal. 

3.  The  action  of  admixtiues  of  agar  -agar  and  glycerol  to  the  soiudon  }a.rgely  involves  a  diminution  of  'the 
rate  of  diffusion  and  a  promotion  of  the  formation  of  dendrites. 

4.  Admixtures  of  Fe"*"*^',  Ni'*"*’,  and  Co'*"*'  ions  retard  the  rate  of  growtn  at  the  vertices  owing  to  their  ad¬ 
sorption  at  the  active  centers  of  the  crystal.  This  causes  a  marked  change  in  the  crystal  habit;  cubes  settle  out 
instead  of  dendritic  forms. 

5.  The.  grea  ter  the  tendency  of  a  given  substance  to  produce  dendritic  forms,  the  higher  the  boundary  con- 
ceiitiation  of  impurity  ions  in.  the  solution  required  to  break  down  the  dendritic  forms  and  convert  them  into  the 
cubic  fOTm. 

Cbo-andiry  for  KCi  >  Cbomdary  fot  NaCl. 

6.  We  ca.u  arrange  the  tested  inApurity  ions  in  order  of  decredsing  effect  upon  the  external  form  of  csysta.ia 
as  follows;  ’• Ni*"*'  ^  Go"**. 
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THE  FUSIBILITY  OF  THE  TERNARY  SYSTEM;  LEAD  MONOXIDE  -  VANADIUM 

PENTOXIDE  -  TITANIUM  DIOXIDE 

I.  N.  Belyaev  and  A.  K.  Nesterova 


Titanium  dioxide  has  been  widely  employed  as  a  raw  material  for  manufacturing  ceramic  condenser 
nuteriais  for  the  hign-frequency  radio  industry  because  of  its  high  dielectric  susceptibility  (  >  100).  tts  high 
caking  temperature  and  the  large  negative  temperature  coefficient  of  dielectric  susceptibility  (the  tempera¬ 
ture  coefficient  of  capacitance  ^  -7  to  -9*  10*^)  make  it  impossible  to  employ  titanium  dioxide  in  the  pure 
state.  To  secure  ceramic  pastes  with  a  temperature  coefficient  of  capacitance  close  to  zero  fillers  are  added 
to  tiunium  dioxide,  but  this,  as  a  rule,  greatly  lowers  the  dielectric  susceptibility  as  well  (from  100  down  to 
15)  [1].  The  condenser  pastes  based  on  titanium  dioxide  manufactured  at  the  present  time  that  have  a  tem¬ 
perature  coefficient  of  capacitance  approaching  zero  all  have  a  dielectric  susceptibility  that  does  not  exceed 
15  (with  the  sole  exception  of  the  tetrabar  paste  [2]). 

It  is  therefore  readily  understood  ^^lat  we  were  greatly  interested,  from  both  the  practical  and  the  theor¬ 
etical  points  of  view,  in  discovering  new  fillers  for  titaniirm  dioxide  that  would  lower  the  temperature  coef¬ 
ficient  of  capacitance  of  the  ceramic  pastes  to  values  approaching  zero  while  retaining  the  high  values  of 
dielectric  susceptibility. 

In  our  search  for  such  fillers  we  have  produced  in  oui  laboratory  experimental  samples  containing  lead 
vanadates  that  exhibit  high  values  of  electric  susceptibility  (50-70)  and  temperature  coefficients  of  capaci¬ 
tance  ranging  from  -7  •  10  ^  to  +16  *  10"^. 

We  have  made  a  partial  investigation  of  the  fusibility  of  the  ternary  system  PbO-V205— TiOj  in  order  to 
ascertain  the  nature  of  the  reaction  of  titanium  dioxide  with  lead  vanadates. 


We  employed  the  visual  poiythermal  method  in  out  research.  A  mixture  of  PbO,  VjOfe,  and  TiOj  was 
placed  in  a  platinum  fiunace  and  melted  in  a  resistance  furnace  wound  with  Kornilov  alloy,  the  temperature 
being  measured  by  a  Pt  — Pt-Rh  thermocouple  that  had  been  calibrated  against;  chemically  prrre  KNO5—  m.p. 
337®,  the  KCl  —  NajSO^  eutectic —m.p.  517*,  KCl  -  m.p.  774*,  Na2S04— m.p.  884®,  and  K1SO4— m,p.  1069*. 

The  reagents  used  were  as  follows*  titanium  dioxide  —  prepared  from  titanic  acid  containing  99.5^  TiOj 
and  Q.b°jo  CaO.  The  lead  monoxide  was  prepared  from  the  carbonate,  produced  by  precipitation  from  chemically 
pure  lead  nitrate  The  V^Og  was  prepared  from  commercial  ammonium  vanadate. 

We  investigated  the  PbO  — TiO^  and  V2OE— TiOj  sides,  repeated  the  previous  investigation  [3]  of  the  PbO— 
V20g  side,  and  11  internal  sections.  The  experimental  data  are  set  forth  in  Tables  1-11  and  in  Figs.  1  and  2. 

The  PbO—  TiOi  side  was  investigated  up  to  25  mol.'il)  of  TiOj  (Table  1,  Figiure  1).  The  liquidus  exhibits 
one  eutectic  point  at  7.5  mol.%  of  TiOj  and  818*  and  one  traitsition  point  at  19  mol.  °]o  of  TiOj  and  1024*.  The 
mixture  consisting  of  25  moi.  °}o  TiOj  and  75  mol.  <70  PbO  melts  at  1120*.  At  higher  percentages  of  TiOj  in  the 
mixture,  the  TiOj  does  not  dissolve  while  appreciable  amounts  of  the  PbO  are  volatilized,  indicatii^  decompos¬ 
ition  of  the  compound  that  crystallizes  after  the  transition  point  at  818*.  The  system  thus  exhibits  two  incon- 
gruently  fusing  compounds. 

The  PbO—  VjC^;  side  had  been  investigated  by  Amadori  previously  [3].  We  confirmed  the  existence  of  the 
congruently  fusing  compounds  8PbO*  V2O5,  3PbO*  V2O5,  and  2Pb0*V205.  No  metavanadate  is  found  on  the 
liquidus,  the  melt  forming  a  glass  in  that  region. 


TABLE  1 


Fusibility  of  the  PbO— TiOj  System 


No 

Mol.  <)!) 
TiOj 

1 

1 

Temiperature  at 
which  crystalliza¬ 
tion  set  in 

1 

0  0 

884* 

2 

5  0 

839 

3 

10  0 

880 

4 

15.0 

965 

5 

20.0 

1030 

6 

25  0  ' 

1099 

7 

30  0 

1  Did  not  fuse 

8 

35  0 

'  Did  not  fuse 

The  TiOj  (the  third  side 

of  the  triangle)  displays  an  infini  esi  - 
mally  small  mutual  solubility 

.  ,  Smol^VjO." 

-  95  mol.'^b  PbO_  ^ 


Fig,  I  Fusibility  cui^ves  of  the  PbO' 
system  (A)  and  of  its  sections' 

5  mol  <%  Vaap 
96  nio{  °jo  PbO  J 


TiOz 


1- 


’iC^ 


u- 


11  1  mol  %  V*Oy 


88  9  mol  %  PbO  J 


?  +  TiQj-j 


III- 


IV- 


16  mol  V  jOi^ 

84  mol  ^Jo  PbO  - 

25  tr  oi  °jo  VjOt; 
75  ro.ol,<%  PbO  ^ 


+  TiOj- 


4  TiOj; 


We  managed  rxj  investigate  the  fusi¬ 
bility  along  this  section  up  to  35  mol  °]o 
TiOj.  Five  separate  crystallization 
phases  were  found  along  this  portion  of 
the  section'  PbO  crystallizes  up  to  2 
mol  °lo  Ti02,  then  there  comes  a  trans¬ 
ition  point  at  780®,  which  is  probably 
followed  by  the  crystallization  of  the 
orthotitanate  as  minute  round  crystals. 

A  phase  not  found  on  the  side  of  the 

triangle  crystal ‘izes  as  the  most  rriinure  dust  in  the  ime’val  be  tween  5.5  rr  ol  <’]o 
TiOj  (815®)  and  8  mol  TiC^  (850®),  while  the  orthotitanate  again 
crystallizes  horr.  this  phase  up  to  16  mol  <55»  Ti02  (1018*)  Beyond  the  transition  point 
(1018*)  the  compound  PbTiOj  c-ystalUzes  as  large  tetrabedral  crystals.  This  phase  con¬ 
tinues  to  crystallize  up  to  35  mol  Ti02  and  1220*  Adding  more  titaniuih  dioxide 
causes  minute  needles  of  ritantlum  dioxide  to  settle  out;  of  the  melt. 


33  3  mol  %  VyO,  7 
66  7  mol  <7o  PbO  J 


f 


Fig.  2  Fusibility  along  the 
sections: 


2  mol  Ti02'l 
98  mol.<5b  PbO  J 


VU- 


♦VjOs; 

v,a- 

<55)  PbO  J 


VIII- 


10  mol 
90  mol 

25  mol.<^fc  Ti02l 


75  mol.*)!)  PbO 


J  +  V20g; 


IX- 


25 

75 


mol  %  V20^ 
mol.<7o  PbO  J 


PbTiOj; 


Section  II-  ^  mol  ^  *'  section  has  been  investigated  up  to  45  ro.ol.*)!)  Ti02.  As  we  follow  the 

liquldus,  the  crystallization  of  8PbO"  V20g  (from  3  mol  %  TiOj.  and  765*  to  14  5mol.‘lfe  Ti02  and  918*)  is  followed  by  the 
crystallization  of  the  phase  consisting  of  minute  dust  the  orthotitanate  phase  observed  along  Section  I  being  missing,  a 
compound  crystallizing  as  large  (larger  than  1  mm.)  four -sided  platelets  immediately  after  14.5  mol.'^fc  Ti02.  Along  this 
section  the  crystallization  branch  of  this  comjtound  (the  metatitanaie  PbTiOj)  exhibits  a  distinct  mAaximium  at  1170*.  The 
point  of  joint  crystallization  of  PbTiOj  and  TiO^  occurs  at  40  mol  %  TiOj  and  420*,  after  which  titanium  dioxide  crys¬ 
tallized  as  thin,  rather  large  needles. 


Section  III;  tnoh  %  VjC^  ^  TiO*  This  section  was  investigated  up  to  41,5  mol  TiOj  In  addition  to  the  crys- 
-  84  ro.ol.<)i)  PbO  J  “ 

lallizatlon  branch  for  3PbO  •  VjOk^.  the  liquldus  distinctly  shows  other  crystallization  branches;  a  phase  that  crystallizes 
as  dust  (Sections  I  and  II)  and  the  metatitanate  Both  branches  exhibit  distinct  maxima  (Fig  1). 

Section  IV  •  75  ^ol  This  section  was  investigated  up  to  33,3  mol  <)!»  TiOj.  The  liquldus 

exhibits,  in  addition  to  the  crystallization  branch  of  3PbO »  VjO^,  a  short  stretch  of  a  phase  consisting  of  fine  dust  (cf. 
Sections  I,  II,  and  HI)  and  crystals  of  TiOj.  No  rr.etatitanaie  phase  is  found. 


470 


TABLE  2 


Fusibility  c;  t!:e  PbO  — VjOg  System 


No. 

Mcl  % 

Temp,  at  which 
crystallization  set  in 

Remarks 

1 

0.0 

884* 

2 

1.6 

872 

3 

3.5 

855 

4 

5.1 

816 

5 

6.0 

793 

6 

7.7 

765 

7 

10*0 

765 

Different  phase 

8 

12.5 

793 

9 

15.2 

748 

10 

18.S 

781 

Different  phase 

11 

21.4 

884 

12 

23.2 

924 

13 

952 

14 

26.9 

933 

15 

29,0 

851 

16 

33.3 

772 

17 

38.2 

692 

18 

43.5 

607 

Different  phase 

19 

50.0 

497 

Glass 

20 

57.2 

518 

Glass 

21 

65.4 

582 

Glass 

22 

75.0 

651 

Glass 

23 

86.4 

666 

Glass 

24 

100 

676 

Glass 

TABLE  4 

11.1  mol.  VaOj-j 

Section  lit  >  +  TiOjj 

88.9  mol.  PbO  J 


No. 

Mol.  7o  1 

Temp,  at  which 

Remarks 

i 

crystaiiization  set  in 

1 

1 

0.0  i 

788 

2 

1.0  I 

777 

3 

2.0 

772 

4 

3.0 

777 

5 

4.0  i 

820  j 

Different  phase 

6 

6.0  : 

850  ’ 

7 

10.0 

.  900  ; 

8  1 

15.C 

970  i 

9 

20.0 

:  1128  1 

!  Different  pD.ase 

10 

26.0 

1164 

11 

30.0 

1168 

12 

36.0 

1160 

13 

40.0 

1128 

Different  phase 

14 

45.0 

j  1184  1 

15 

60.0 

i  Did  not  iii&c  1 

16 

S6.0 

1  Did  ri  jv.  nsc  ! 

TABLE  3 


5  mol.  VjOjfl 

Section  I:  ^4  TiOj 

_ 95  mol.  PbO -I 


No. 

Mol.  f>lo 
TiOi 

Temp,  at 
which  crys¬ 
tallization 

set  in 

Remarks 

1 

0.0 

820 

2 

1.0 

798 

3 

3.0 

788 

4 

4.0 

798 

Different  phase 

5 

5.0 

809 

6 

6.0 

820 

Different  phase 

7 

7.0 

835 

8 

10“0 

929 

9 

12.5 

988 

10 

15.0 

1011 

11 

17.5 

1053 

Different  phase 

12 

20.0 

1096 

13 

22.5 

1135 

14 

25.0 

1160 

15 

30.0 

1198 

16 

35.0 

1220 

17 

40.0 

Did  not  fcss 

18 

45.0 

Did  not  fuse 

TABLES 

16  mol.  VjOs-j 

Section  III:  >4  TiO^ 

_ 84  mol.  %  PbO  J _ 


No. 

Mol.  ojb 
TiOj 

Temp,  at 
which  crys¬ 
tallization 

set  in 

Remarks 

1 

0.0 

757 

2 

2.0 

767 

Different  phase 

3 

4.0 

830 

4 

6.0 

906 

5 

8.0 

946 

6 

10.0 

940 

7 

15.0 

981 

Different  phase 

8 

20.0 

1065 

9 

25.0 

1128 

10 

30.0 

1128 

11 

36.1 

1135 

Different  phase 

12 

41.5 

1190 

13 

47.1 

Did  not 

fuse 
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Section  +  TiOj;,  We  were  able  to  trace  this  section  only  up  to  10  mol.  TiO*.  The 

- 66.7rriol.  ofc  PbO  J  ^  j 

liquldus  exhibits  a  single  transition  point  (at  3  nxoL  °h  TiOj.  and  734“),  the  ^int  of  joint  crystallization  of  3PbO'VjC% 

and  TiOj  (Figure  1), 


Section  VI. 


2  mol  °lo  TiOj’l^ 
98  mol  PbO  J 


The  foilowlng  features  are  displayed  by  the  liquldus;  a  crystal¬ 


lization  branch  for  PbO,  which  crystallizes  as  ia:  ge,  dark -brown  platelets  (up  to  7  mol.  VjOs  and  750*),  a  crys¬ 
tallization  branch  for  8PbO  •  VjC%,  which  crysra’.’lzes  as  square,  dark-brown  crystals  (up  to  16  mol.  ^  VjOs  and 
732“),  and  a  crystallization  branch  for  3PbO  ♦  which  cTystallizes  as  hexahedral  crystals.  No  pyrovanadate 
is  found.  Mixtures  that  contain  26  rr..oL  ‘’jo  or  more  of  solidify  as  glasses. 


Section  VII.  qq  ^  ^  he  following  crystallization  branches  are  displayed  on  the  liquldus; 

lead  or^iOtitariate  (4  5  mol  %  VjC^  and  GIO"*),  a  compound  tfiat  crystallizes  as  a  dust  (up  to  21.5  mol.<%  and  890*), 
the  branch  for  this  compound  exhibiting  a  maximum  at  994",  and  a  crystallization  branch  for  titanium  dioxide,  which 
can  be  followed  up  to  45  moi  vanadium  pentoxide  Mixtiues  containing  more  than  45  mol.<7o  VjOj  solidify  as 
glasses.  The  crystallization  branch  for  titanium  dioxide  exhibits  a  miaximum  at  1110“  (Fig.  2), 


Section  VIIl*  mixtures  lying  along  this  section  have  melting  points 

above  1000*.  Up  to  16  mal,<^  vjC^PbTiOg  c;ystaiUzes  as  large  tef  ahedraj.  crystals,  while  at  20  mol.<)() 
titanium  dioxide  crystallizes  as  iaige  needles.  The  mixture  is  infusible  ar  1200’  at  feom  25  to  35  mol.'^b  of  vana¬ 
dium  pentoxlae,  though  as  if.e  concentration  of  VjCk;  is  inc.^eased  sdll  higher,  the  melting  point  of  the  mixture 
drops  uiitii  a  hyaline  phase  is  fonr..ed  (at  45  moL'51) 


Section  Xt 


50  mol.<5l» 

50  mol.'Jl)  PbO  J 


+  PbriC%. 


Section  XI; 


70mol.«St 
30  mol.^jS)  PbOi 


+  TiOj. 


A  distinctive  feature  of  these  sections  is  the  extremely  low  mutual  solubility.  At  low  percentages  of 
lead  titanate  and  dtanium  dioxide  a  hyaline  phase  is  formed,  from  which  Insoluble  titanium  dioxide  crystal¬ 
lizes  out  (large  needles).  The  mixture  is  irdasible  when  Tire  PbTiC%  or  the  TiOj  totals  more  than  25  mol.'5b< 

The  data  on  the  ftisibiilrv  along  ’'lie  sices  and  the  semlons  are  plotted  in  the  triangular  fusibility  diagram 
(Figure  3).  The  areas  of  c-ystalilzatlon  of  the  faliowlrig  compounds  are  very  cl^rly  evident  in  the  fusibility  dia¬ 
gram  fw  the  system;  (I)  PbO;  (H)  8PbO  »  VjrQj;  (HI)  3PbO  •  (IV)  Pb2ri04;  (V)  PbTiOj;  (VI)  an  inner 

ternary  compound,  die  composition  of  which  irsav  approximate  lOPbO- VjOjj  *  TiQjj  (VII)  the  crystallization 
area  for  titanium  dioxide;  ana  (Vin)  the  area  for  the  bya'lne  phase. 

As  we  see  by  rhe  diagram,  lead  orthotltanate  and  metadtanate,  which  are  hard  to  distinguish  on  the 
liquldus  of  the  binary  system  PbO  —  TiOj,  become  more  distinct  when  the  third  component  (VjC%)  is  added,  pos- 
eising  their  own  crystallization  areas.  The  metadLianate  (PbriC%)  crystallizes  very  well  as  large  (exceeding  1 
mm)  tetrahedral  flakes  (Sections  I,  II,  and  III).  The  area  of  crystallization  of  the  metatitaiute  in  the  ternary 
system  diagram  defines  the  compositions  that  mzj  be  recommended  for  the  growing  of  large  crystals  of  lead 
metatitanate.  These  findings  indicate  tnar  we  mus;.  not  start  with  the  stoichiometric  proportions  of  lead  monox¬ 
ide  and  titanium  dioxide  if  we  want  to  secure  crystals  of  lead  metatitanate,  but  must  employ  a  large  excess  of 
lead  monoxide  (70-75  moi.  “jb  PbO  and  25  mol.  <5b  TiO^),  Lead  orthotltanate  (PbjTiO^)  crystallizes  as  extremely 
minute  crystals.  It  is  hard  to  secure  large  crystals. 


Some  very  satisfactory  crystallization  has  been  observed?  that  of  lead  monoxide  as  large  brown  crystals 
(Sections  I  and  VI)  ana  that  of  the  compounds  8PbO  *  VjOg  and  3PbO  •  VjOy,  likewise  as  large  crystals  (Sections 
II,  m.  and  IV) 

The  absence  of  crystailizadlon  areas  for  the  r  om.pounds  2PbO  *  VjO^  and  PbO  •  VjOs  Is  worthy  of  note. 
Mixtures  consisting  of  read  i£.onoxlde  and  vanadium  pentoxlde  in  proportions  corresponding  to  these  compounds 
formi  hyaline  iriasses  in  the  presence  of  titanium  dioxide,  a.^thou^  the  compounds  do  crystallize  when  no  titanium 
dioxide  Is  presen-..  Titanium  dioxide  crystallizes  as  large  needles  (Sections  I,  X,  and  XI>  from  the  hyaline  phase 
(this  region  is  outlined  by  a  dotted  line  In  f  igure  3). 
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TABLE  6 


Section  IV- 


25mol.<^J,Vj<Vl 
75  moL  <=141  PbO  J  ^ 


No. 

MoL  % 
TiOg 

Temp,  at 
which  crys¬ 
tallization 

sets  in 

Remarks 

1 

0.0 

956 

2 

3.7 

929 

3 

6.7 

942 

Different  phase 

4 

11.7 

1000 

5 

15.8 

1064 

Different  phase 

6 

20.0 

1132 

-  7 

24.3 

1180 

8 

28.8 

1213 

9 

33.3 

1232 

10 

40.0 

i  Did  not  fuse 

TABLE  7 
Section  V: 


33.3  mol.  VjO^ 
66.7  mol.  PbO 


5 


♦  TiOi 


No. 

MoL  % 
TiOg 

Temp,  at 
which  crys¬ 
tallization 

sets  in 

Remarks 

1 

0.0 

772 

2 

0.5 

767 

3 

1.5 

748 

4 

2.3 

742 

5 

3.3 

762 

Different  phase 

6 

4 

867 

7 

5 

970 

8 

10 

1130 

9 

15 

Did  not  fuse 

10 

20 

Did  not  fuse 

crystalUzadlon  areas  for  Pbl  iOj,  lOPbO  •  VjO^ 
may  be  recommended  for  cultivating  the  large 
trie  properties. 


Fig.  3.  FusibiUty  in  the  PbO -YjOj-TiO, 
Ternary  System. 

1)  PbO;  II)  8PbO  •  VjOfe;  HI)  3PbO  *  VjOs; 
IV)  2PbO  •  TiOg;  V)  PbO  •  TiOj;  VI) 
lOPbO  •  VgOg  *  TiOj;  VH)  TiOgj 
VIII)  hyaline  phase. 


The  ternary  compound  (Figure  3,  Area  VI)  fuses 
Incongruently  along  Sections  I,  II,  and  IV,  fusing  congru- 
ently  along  Sections  ni  and  VII.  The  section  data  enabled 
lu  to  establish  its  approximate  composition  as 
lOPbO  *  VjOs  •  TiOg  and  its  melting  point  as  approxim¬ 
ately  1000*. 

The  crystallization  area  for  titanium  dioxide  oc¬ 
cupies  more  than  half  the  triangle  (Figure  3,  Area  VII). 
Titanium  dioxide  crystallizes  as  large  needles  in  the 
regions  adjacent  to  the  crystallization  areas  for  chemical 
comjX)unds.  These  cry  stals  look  like  those  of  rutile.  The 
ternary  system  com..positions  in  the  regions  adjacent  to  the 
*  TiOg,  and  3PbO  •  VgOg  and  in  the  region  of  glass  formation 
crystals  of  titanium  dioxide  required  for  research  on  their  dielec - 


In  conclusion,  it  mus?.  be  stated  that  it  is  extremely  difficult  to  make  a  fusibility  Investigation  of  this 
system,  because  of  the  total  opacity  of  the  melts  and  the  high  melting  point  of  titanium  dioxide. 


SUMMARY 

1.  A  partial  investigation  has  been  made  of  the  fusibility  of  the  ternary  system  PbO  —  VgOs  —  TiOg.  The 
fusibility  diagram  of  the  ternary  system  exhibits  the  crystallization  areas  of  PbO,  Pbg  ri04,  PbTiOj, 

8PbO  •  VgOg,  3PbO  •  VgOj,  a  compound  produced  for  the  first  time  with  the  approximate  composition  of 
lOPbO  *  VgOg  •  TiOg,  and  tiianium  dioxide,  as  well  as  a  region  in  which  a  glass  is  formed. 
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TABLE  8 


TABLE  10 


Section  VI: 


2  mol.  <5b  TiO,*; 
98  mol.  ijfc  PbO 


No. 

BlMilTffiM 

Remarks 

1 

0.0 

881* 

2 

5.0 

810 

3 

7.5 

760 

Different  phase 

4 

10.0 

787 

5 

12.5 

782 

6 

15.0 

754 

7 

17.5 

804 

Different  phase 

8 

20.0‘ 

890 

9 

22.5 

935 

10 

25.0 

948 

11 

30.0 

901 

Glass 

12 

35.0 

732 

Glass 

13 

40.0 

716 

Glass 

14 

45.0 

710 

Glass 

15 

50.0 

682 

Glass 

16 

55.0 

644 

Glass 

TABLE  9 
Section  VII: 


10  mol.  TiOj*! 
90  mol.  ^  PbOJ 


>  VjOg 


No. 

Mol. 

VsOb 

Temp,  at  which  crys¬ 
tallization  sets  in 

Remarks 

1 

0.0 

878* 

2 

2.5 

901 

3 

5.0 

918 

4 

7.5 

964 

Different  phase 

5 

10.0 

987 

6 

15.0 

987 

7 

20.0 

947 

8 

25.0 

958 

Different  phase 

9 

30.0 

1052 

10 

35.0 

1102 

11 

40.0 

1090 

12 

45.0 

1040 

13 

50.0 

Glass 

Section  VIII: 


25  mol.  TiOjI 
75  mol.  <5b  PbO  J 


No. 

Mol.  <7o 

Vs05 

Temp,  at  which  crys¬ 
tallization  sets  in 

Remarks 

1 

10.0 

1056* 

2 

15.0 

1102 

3 

20.0 

1162 

Different  phase. 

4 

25.0 

Did  not  fuse 

5 

30.0 

Did  not  fuse 

6 

35.0 

1200 

7 

40.0 

1182 

8 

45.0 

1150 

9 

50.0 

Glass 

TABLE  11 
Section  IX: 


25  mol.  ojo  VaOgl 
75  mol.  *51)  PbO  J 


+  PbTiOj 


No. 

Mol. 

PbTiO, 

Temp. at  which  crys¬ 
tallization  sets  in 

Remarks 

1 

0.0 

952* 

2 

5.0 

935 

3 

7.3 

930 

4 

10.0 

924 

5 

12.5 

924 

Different  phase 

6 

15.0 

947 

7 

17.5 

961 

8 

20.0 

970 

9 

22.5 

981 

10 

25.0 

987 

11 

27.5 

1017 

12 

30.0 

1052 

Different  phase 

13 

32.5 

1077 

hexahedra 

14 

35.0 

1089 

15 

40.0 

1102 

16 

45.0 

1114 

2.  It  has  been  shown  that  two  incongruently  fusing  compounds  (2PbO  -  TiOj  and  PbO  •  TiOj)  are  formed 
in  the  PbO  —  TiOj  system.  The  presence  of  vanadium  pentoxide  increases  the  stability  of  the  metatitanate. 

3.  The  component  concentrations  that  are  most  suitable  for  growing  large  crystals  of  lead  metatitanate 
and  titanium  dioxide  are  outlined. 
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ABSORPTION  SPECTRA  AND  DISSOCIATION  CONSTANTS  OF  DIPHENYLTHIOC ARB AZONE 


(DITHIZONE)  AND  OF  ITS  INNER  COMPLEX  SALTS 


ABSORPTION 

ITS 


SPECTRA  OF  DIPHENYLTHIOCARBAZONE  (DITHIZONE) 
EQUILIBRIUM  DISTRIBUTION  IN  A  TWO-PHASE  SYSTEM 


AND 


R.  E.  Chernitskaya 


The  absorprion  spectra  of  many  colored  organic  compounds  exhibit  a  displacem^ent  of  the  m.aximum  on  the 
absprpaon  curve  and  a  change  in  the  intensity  of  the  absorption  maximum  with,  tne  properties  of  the  solvent. 

We  have  investigated  the  effect  of  the  polar  properties  of  the  solvent  upon  the  absorption  spectrum  of  di- 
phenyithiocarbazone  (dithizone)..  As  we  know,  dithizone  produces  highly  colored  solutions  in  organic  solvents  and 
is  a  sensitive  leagent  for  detecting  traces  of  the  heavy  metals.  The  absorption  curve  of  a  solution  of  dithi2ione  in 
carbon  tetrachlonde  exhibits  two  maxima  in  the  620  mjx  and  450  m|x  regions*  the  absorption  maximum  of  the  di¬ 
thizone  ion  is  located  in  the  480-490  mu.  region.  We  have  secured  the  absorption  spectra  of  dithizone  in  benzene, 
hexane  methyl  ethyl  ketone,  and  isoarayl  alcohol. 

The  benzene  bore  the  label  "pure,  for  analysis";  the  hexane  we  used  was  the  fraction  boiling  in  a  two-degree 
interval  (67-69").  The  methyl  ethyl  ketone  was  refined  via  the  bisulfite  compound,  from  which  it  was  isolated  by 
distillation  at  79-80*.  The  isoamyl  alcohol  was  refined  by  treating  it  with  5^  sulfuric  acid  to  eliminate  the  pyridine 
and  other  organic  bases  and  their  homologs.  The  final  product  was  collected  at  a  boiling  point  of  128.5-129.5*. 

The  absorption  spectra  were  secured  with  a  Hilger  photoelectric  spectrometer  for  the  visible  region;  they 
are  shown  in  Fig.  1.  The  width  of  the  absorption  band  did  not  exceed  29  A  in  the  5000  A  region.  The  values  of 
^Imax  ^2max  secured  are  listed  in  Table  1,  together  with  the  corresponding  values  of  )a.—  the  dipole 
moment. 


TABLE  1 


No 

Solvent 

^Imax 

(mix) 

^max 

(mv.) 

I*- 10^® 
electrostatic 

units 

1 

Benzene . . . 

600 

450 

0 

2 

He.xane.. . . . 

600 

435 

0.05 

3 

Methyl  emy.! 
'ketone.  ., .... 

590 

460 

2.79 

4 

isoamyi  alcohol 

580 

460 

1.85 

5 

Carbon  ieaa  - 
chloride  '  _ I 

1  620 

4L0 

0 

Aj  we  see  in  Table  1.  the  location  of  the  two 
maxima  depends  upon  the  polar  properties  of  the  sol¬ 
vent.  The  wavelength  of  the  first  maximum  (?Li  max), 
for  instance,  is  displaced  toward  the  shorter  wavelengths, 


£ 


Fig.  1.  Absorption  spectra  of  dithizone  in  various 
solvents. 


A.A.Pryanishnikov  was  good  enough  to  communicate 
to  me  methods  of  purifying  methyl  ethyl  kemne  and  isoamyi  alcohol,  for  which  I  am  deeply  grateful. 
*)  We  have  taken  the  values  of and  ^  2  max  from  the  data  in  the  iiterattire. 
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Moreover,  the  values  we  have  found  for  *^'hd  for  solutions  of  dithizone  in  isoamyl  alcohol  and  in  benzene 
bear  out  the  hypothesis  advanced  above  that  dithizone  is  a  monobasic  acid. 

SUMMARY 

1.  An  equation  has  been  found  that  expresses  the  variation  of  the  position  and  intensity  of  the  maxima 
on  the  curve  of  spectral  absorption  for  dithizone  solutions  with  the  polar  properties  of  the  solvent. 

2.  The  equilibrium  distribution  of  dithizone  in  the  isoamyl  alcohol  —  water  and  the  benzene— water  system 
has  been  measured  and  calculated.  The  K’jg}  has  been  calculated  by  the  A.Babko  and  Filipenko  method  for 
solutions  of  dithizone  in  the  benzene  —  water  and  isoamyl  alcohol— water  systems. 

3.  A  comparison  of  the  values  for  the  equilibrium  distribution  of  dithizone  in  the  two  systems  led  to  the 
conclusion  that  dithizone  is  highly  soluble  in  isoamyl  alcohol. 

4.  The  hypothesis  is  advanced  that  an  intermolecular  hydrogen  bond  may  be  established  between  the 
dithizone  and  isoamyl  alcohol  molecules. 
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THE  ABSORPTION  SPECTRA  AND  DISSOCIATION  CONSTANTS  OF 


DIPHENTLTHIOCARBAZONE  (DITHIZONE)  AND  OF  ITS  INNER  COMPLEX  SALTS 

II.  ABSORPTION  SPECTRA  AND  INSTABILITY  CONSTANTS  OF  INNER 
COMPLEX  SALTS  OF  DITHIZONE  DISSOLVED  IN  ISOAMYL  ALCOHOL 

R.  E.  Chernitskaya 


In  our  previous  paper  [1]  research  on  the  curve  of  spectral  absorption  of  dithizone  dissolved  in  isoamyl 
alcohol  and  determinations  of  the  equilibrium  distribution  of  dithizone  in  the  isoamyl  alcohol— water  system 
served  as  a  basis  for  our  presupposing  that  dithizone  molecules  react  with  molecules  of  isoamyl  alcohol,  estab¬ 
lishing  an  intermolecular  hydrogen  bond  between  them. 

In  the  present  paper  we  have  determined  the  absorption  spectra  and  instability  constants  of  various  inner 
complex  salts  of  dithizone  produced  in  an  isoamyl  alcohol  solution.^ 

We  have  secured  the  absorption  spectra  of  the  ituier  salts  of  silver,  mercury,  copper,  zinc,  lead,  cadmium, 
and  bismuth  with  the  Hilger  photoelectric  spectrometer  (for  the  visible  region).  The  iimer  complex  salts  were 
prepared  as  follows;  3  ml  of  a  solution  of  dithizone  in  isoamyl  alcohol  was  added  to  1.5  ml  of  a  solution  of  the 
salt  of  the  respective  metallic  cation,  1.5  ml  of  the  dithizone  solution  being  used  in  the  case  of  silver.  The 
mixture  was  shaken  in  a  separatory  fuiuiel  for  2  minutes,  and  then  it  was  allowed  to  stand  for  10  minutes  to 
separate  the  layers  completely.  The  cell  used  was  10  mm  thick.  Isoamyl  alcohol  served  as  the  control  liquid. 
The  concentrations  of  the  salt  solutions  and  of  the  dithizone  solution  were  10"^  mole  per  liter. 

The  absorption  spectra  of  the  dithizonates  are  shown  in  the  figure. 

The  values  of  ^max  of  absorption  curves  of  the  inner  complex  salts  of  dithizone  are  given  in  Table  1. 


TABLE  1 


No. 

Dithizone, inner 
complex  salt  of 

^max 
in  isoamyl 
alcohol 

A- max 
in  CCI4 
(m  yi ) 

^  in 

.  '^max 
isoamyl 

alcohol 

(m\x) 

Ax, 

'^max 
in  CCI4 
(m>x) 

1 

Silver . 

450 

460 

130 

160 

2  1 

Zinc  ..... 

505  1 

535 

75 

85 

3 

Cadrriium  ... 

500  i 

510 

80 

110 

4 

Mercury  .... 

490 

i  530 

90 

90 

5 

Lead . 

505 

i  525 

75 

95 

6 

Goppe.i  .... 

!  500 

!  510 

i  80 

110 

7 

1  Bismatb.  .... 

i  495 

'  500 

85 

120 

The  ?  -ix)ax  of  absorption  spectrum  of  dithizone  in  iso¬ 
amyl  alcohol  is  580  m)i.  The  of  the  absorption  spectrum 

of  dithizone  dissolved  in  CCI4  is  620  m^A., 


Figure.  Absorption  spectra  of  dithizonates. 


1) 


The  laboratory  assistant 


V.  G.  Tararashkina  participated  in  this  research 
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The  data  listed  in  Table  1  indicate  that  the  shift  of  the  ^niax  the  ultra-violet)  of  the  inner 

complex  salt  of  dithizone  in  isoamyl  alcohol  with  respect  to  the  X^ax  of  solution  of  pure  dithizone 
(AA-uiax)  in  isoamyl  alcohol  is  less  than  in  the  carbon  tetrachloride  solution. 

We  have  determined  the  instability  constants  of  the  inner  complex  salts  of  silver,  copper,  zinc,  lead, 
and  cadmium  dithizonates,  prepared  in  isoamyl  alcohol. 

We  measured  the  instability  constants  by  the  method  described  in  the  papers  of  A.  Babko  and  Pili- 
penko  [2,3],  using  a  Hilger  absorptiometer  with  the  appropriate  light  filters.  The  cell  was  10  mm  thick.  Iso¬ 
amyl  alcohol  was  used  as  die  control  liquid. 

The  concentrations  of  the  dithizone  solution  in  isoamyl  alcohol  and  of  the  original  metal  salt  were 
about  10  *  mole  per  liter. 

Our  findings  are  set  forth  in  Tables  2-7. 

TABLE  2 

Instability  Constant  of  Silver  Oithizonate  Dissolved  in  Isoamyl  Alcohol 

Initial  concentrations:  Ag^  in  water:  9, 27'10*^  mole/ liter;  dithizone  in  isoamyl  alcohol;  8.59*10“^  mole/liter 


No. 

pH 

Millimoles  of  silver 

dithizonate  found. 

1  Equilibrium  concentrations,  moles/liter 

*^*AgD 

Ag^  in  water 

1 

5.16 

0.74-10'*  1 

9.205-10-* 

8.096 

0.247 

0.18-10-® 

2 

5.19 

1.25-10"^  1 

9.161-10“* 

7.76 

0.417 

0.09-10* 

3 

5.22 

0.71-10-* 

9.208- 10-* 

8.12 

0.233 

0.17-10-® 

4 

5.06 

1.4-10- * 

9.148-10-* 

7.66 

0.466 

0.12-10“® 

5 

5.16 

4.63-10-*  1 

9.229-10-* 

8.28 

0.154 

0.31-10'® 

6 

5.36 

4.63-10-* 

9.228-10-* 

8.28 

0.154 

0.19-10“® 

7 

4.88 

1.09-10-* 

9.175-10-* 

7.86 

0.363 

0.23-10“® 

8 

5.48 

1.06-10-* 

9.177-10-* 

7.88 

0.354 

0.06-10“® 

9 

5.48 

0.7-10  "* 

9.209’10"* 

8.12  ! 

0.233 

0.01*10“® 

!  Average .  I 

0.15-10"® 

TABLE  3 


Instability  Constant  of  Zinc  Dithizonate  Dissolved  in  Isoamyl  Alcohol. 

Initial  concentrations;  Zn  in  water;  1.871*10'*  mole/ liter;  dithizone  in  isoamyl  alcohol;  2.24*10'^  mole/liter 


No. 

pH 

Millimoles  of  zinc 
dithizonate  found. 

Pi 

1  Equilibrium  concentrations,  moles  liter 

^’znDi 

Zn"^*  in 
water 

isoamyl  alcohol 

Cj^C*^^^  in 
isoamyl  alcohol 

1 

3.6 

6.173-10-® 

1.135-10“® 

1.82846 

0.20576 

0.29-10"“ 

2 

3.85 

11. 11-10 -® 

0.905-10** 

1.499 

0.3703 

0.28-10““ 

3 

4.56 

12.44-10-® 

0.789-10"® 

1.4106 

0.4146 

0.9  -10"“ 

1 

1  Average . 

0.49-10"^ 

We  used  the  computational  method  and  the  notation  given  in  the  paper  by  A. Babko  and  Filipenko:  Ckc 
denotes  the  concentration  of  the  inner  complex  dithizone  salt  in  the  isoamyl  alcohol  phase;  Cj^q  the  concen¬ 
tration  of  dithizone  in  the  isoamyl  alcohol;  Po  the  amount  of  the  inner  complex  salt,  expressed  in  millimoles 
and  calculated  from  the  calibration  curve  (optical  density  vs.  millimoles  of  the  dithizonate);  and  K*  was  calc- 

Me'^’^TD’!* 

culated  from  the  equation  K*  =  — — where  Me"*^  is  the  equilibrium  concentration  of  the  cation  of  the 

Ckc 

given  metal  in  water,  D*  is  the  concentration  of  the  anion  of  the  dithizone  molecule,  which  we  had  previously 

found  [1]  from  the  equation  K*^ 

ttu  [HD  J 
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TABLE  4 


Instability  Constant  of  Cadmium  Dithizonate  Dissolved  in  Isoamyl  Alcohol. 


Initial  concentrations:  Cd"*^  in  water;  2.965*10'*  mole/liter;  dithizone  in  isoamyl  alcohol;  3.125*10'*  mole/liter. 


No. 

pH 

Millimoles  of  cadmium 
dithizonate  found.  Pj 

1  Equilibrium  concentrations,  moles/liter  | 

Cd“^fi  water 

Cj^^*104  in 
isoamyl  alcohol 

in 

isoamyl  alcohol 

1 

3.6 

1.335*10"* 

1.804*10  ■* 

2.235 

0.445 

0.32*10“** 

2 

4.18 

2.468*10“* 

1.688*10"* 

2.087 

0.489 

0.36*10^ 

3 

3.2 

0.7563*10“* 

2.307*10"* 

2.621 

0.2521 

0.41*10"® 

4 

3.06 

1.2267*10“* 

2.769*10"® 

2.974 

0.0756 

0.43*10"® 

i 

i  Average . 

0,38*10"® 

TABLE  5 

Instability  Constant  of  Mercury  Dithizonate  Dissolved  in  Isoarnyl  Alcohol, 

Initial  concentiadons:  in  water*  4,98*10“*  mole/liter;  dithizone  in  isoamyl  alcohol;  6.25*10'*  mole/liter. 


No.  1 

pH 

1 

Millimoles  of  mercury 
dithizonate  found,  Pj 

!  Equilibrium  concentrations,  moles/liter 

.  ^HgDj 

1 

Hg"*'^  in  water 

Isoamyl  alcohol 

in 

isoamyl  alcohol 

1 

4.93 

2.49*10"* 

4.763*10"* 

4.59 

0.83 

0.71*10"“ 

2 

4.89 

3.16*10"* 

4.531*10"* 

2.81 

1.72 

0.1*10"“ 

3 

4.79 

3.69*10'* 

4.659*10"* 

3.79 

1.23 

0.16*10"“ 

4 

4.6 

2.49*10"* 

4.769*10"* 

4.59 

0.83 

0,16*10"“ 

5 

4.5 

4.2*10"* 

4.614*10"* 

3.46 

1.4 

0.03*10"“ 

6 

4.93 

4,492*10"* 

4.768*10"* 

3.34 

0.83 

0.37*10*“ 

7 

4.86 

1.236*10"* 

4.876*10"* 

1 

4.2 

0.42 

0.87*10"“ 

1 

!  Average . . 

0.39*10"“ 

Notes  to  Tables  2*^;  1)  The  volume  of  the  aqueous  phase  was  11.5  ml  in  all  the  tests. 
2)  The  volume  of  the  nonaqueous  phase  was  3  ml  in  all  the  tests. 


The  values  we  found  for  the  constant  K*  =  KP,  where  K  was  the  true  instability  constant,  and  P  was  the 
distribution  coefficient  of  the  inner  complex  salt  in  the  two  phases.  By  taking  the  value  of  jP  to  be  approxim¬ 
ately  the  same  for  any  given  solvent,  we  were  able,  however,  to  compare  the  K*  as  tme  instability  constants. 

We  m.ade  a  comparison  of  the  values  of  the  instability  constant  K*  we  had  secured  for  the  specified 
inner  complex  salts  of  ditliizone  with  the  values  of  a  listed  in  Table  1  above  and  with  the  values  of 
®^'max  tl^t  we  had  calculated  for  the  respective  inner  complex  salts.  These  findings  are  listed  in  Table  8. 

Table  8  indicates  that  as  the  complex  salt’s  instability  constant  rises,  the  shift  of  ^-jjiax  the 

ultraviolet  region  is  increased,  while  she  intensity  of  diminishes. 

We  endeavored  to  determine  the  composition  of  the  silver  dithizonate  complex  salt  dissolved  in  iso¬ 
amyl  alcohol  by  the  Job  method.  We  equipped  an  ISP-51  spectrograph  to  measure  absorption  spectra;  the  light 
source  was  a  100 -watt  bulb  with  a  straight  wolfram  filament,  which  yielded  a  continuous  spectmm  in  the  vis¬ 
ible  region,  the  measurement  cell  being  a  brass  tube  (Bailey)  gilded  on  the  inside,  with  a  screw  thread  that 
made  it  possible  to  read  the  layer  thicknesses  to  0.01  mm. 

The  wavelength  standard  was  the  spectrum  of  the  iron  arc.  Isoortho  photographic  plates  with  a  speed 
of  400  HD  were  used. 


The  initial  concentrations  in  Tests  6  and  7  were  as  follows;  in  water;  4.985*10'*  mole/liter; 

and  dithizone  in  isoamyl  alcohol:  5  039*10"*  mole/liter. 
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TABLE  6 

Instability'  Constant  of  Lead  Dithizonate  Dissolved  in  Isoamyl  Alcohol 

Initial  concentrations:  Pb^  in  water  — 9*10  *  mole/liter;  dithizone  in 
isoamyl  alcohol:  3. 8*  10  *  mole/liter. 


No. 

pH 

Millimoles  of 
lead  dithizon¬ 
ate  found,  Pg 

Equilibrium  concentration, 
mole/liter 

K* 

PbDj 

Pb++ 
in  water 

Cmc-io* 

in  isoamyl 
alcohol 

in  isoaro.yl 
alcohol 

1 

3.01 

2.896*10‘* 

8.75*10‘^ 

6.069 

0.9653 

0.35*10*^1 

2 

3.21 

4.967*10‘4 

8.57*10-* 

4.689 

1.6556 

0.3*10'il 

3 

3.8 

9.653*10^ 

8.16*10"* 

1.565 

3.2176 

0.317*10'*‘ 

4 

2.98 

1.931*10*4 

8.83*10'^ 

6.712 

0.6433 

0.56*10**^ 

'  Average .  1 

'  0.38*10‘'^ 

Ml  of  the  silver 
salt  solution 

0.5 

1.5 


TABLE  7 

Instability  Constant  of  Copper  Dithizonate  Dissolved  in  Isoamyl  Alcohol 

Initial  concentrations:  Cu^  in  water:  1.58*10  *  mole/liter;  dithizone  in 
isoamyl  alcohol;  8.594*10'^  mole/liter 


No. 

pH 

Millimoles  of 
copper  dithizon¬ 
ate  found,  Pg 

Equilibrium  concentration, 
moles  per  liter 

K* 

CuDg 

Cu‘*“*’  in 

water 

CmC'10* 

in  isoamyl 
alcohol 

in  isoamyl 
alcohol 

1 

4.13 

2.523*10** 

1.361*10‘* 

6.912 

0.841 

1.6*10*i« 

2 

4.0 

2.203*10-* 

1.388*10*^ 

7.126 

0.734 

1.23*10**® 

3 

3.85 

4.963*10** 

1.236*10"^ 

5.954 

1.32 

0.13*10**® 

4 

3.6 

3.487*10-* 

1.276*10“* 

6.269 

1.162 

0.55*10**® 

5 

3.4 

2.305*10-* 

1.379*10*^ 

7.057 

0.768 

0.46*10"*® 

Average . 

0  71*10-*® 

TABLE  8 


No. 

Inner  complex, 
dithizone  salt  of 

K* 

^max 

(mft) 

^^max 

1 

Silver 

0.15*10-» 

450 

110 

2 

Mercury 

0.39*  10“X* 

490 

700 

3 

Zinc 

0.49*10*“ 

505 

600 

4 

Lead 

3.8*10*“ 

505 

710 

5 

Copper 

0.71*10"*® 

500 

600 

6 

Cadmium 

0.38*10"** 

510 

800 

The  blackening  marks  were  proT- 
duced  by  means  of  a  step-by-step  plat¬ 
inum  clearing  agent. 

The  absorption  spectra  were 
photographed  through  a  solution  of  the 
inner  complex  salt  silver  dithizonate, 
the  ratios  between  the  ml  of  the  initial 
silver  salt  solution  and  the  solution  of 
dithizone  in  isoamyl  alcohol  being  as 
follows  (both  solutions  having  the  same 
concentration;  10"*  mole  per  liter). 

Ml  of  the 
dithizone 
solution 

2.5 

1.5 

2  1.0 

2.5  0.5 

The  blackening  marks  were  photo¬ 
graphed  on  the  same  plate  as  the  silver 
dithizonate  solutions.  The  solution  pH 
was  6.8.  After  the  photometric  readings 
had  been  taken  with  a  MF-2  microphoto^ 
meter,  the  degree  of  blackening  of  the 
plate  was  evaluated  at  two  points  in  the 
spectrum:  560  mp-  and  460  mp- .  We 
used  a  somewhat  simplified  method  of 
estimating  the  degree  of  blackening, 
this  simplification  consisting  in  estima¬ 
ting  the  degree  of  blackening  at  the 
point  of  absorption  via  the  points  of 
equal  blackening  for  the  control  liquid 
as  photographed  with  the  step-by-step 
clearing  agent  and  for  the  test  spectrum, 
instead  of  plotting  a  blackening  curve 
for  the  given  wavelength. 

Taking  photometric  readings  of  a  large  nurd  - 
ber  of  photographic  plates  bearing  the  spectra  of  the 
inner  complex  silver  salt,  photographed  at  the  ratios 
indicated  above  we  foimd  that  the  difference  in  inten¬ 
sity  of  blackening  was  a  maximum  at  580  mp.(the 
\nax  for  Pure  dithizone)  and  at  460  m  \i-  (the  ^  max 
for  silver  dithizonate)  at  a  1:1  molar  ratio  of  the  silver 
salt  solution  for  the  dithizone  solution. 

These  findings  led  us  to  this  formula  for 
silver  dithizonate:  AgD  (where  D  is  the  dithizonate 
ion!^  from  which  it  follows  that  the  stmcture  of  silver 
dithizonate  may  be  as  follows; 


CsH* 

M — N/ 

Ag-S-C^  ^ 
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Tbfc  iuv;rarn.o.V.c3icUi:  hyd)rGj2;eri  bond  xlthln  the  dithizone  Ion  iaeif,  together  with,  the  possible  interaction  of  the 
dithlzoDe  Tl!t.o■.ec;^.■e  wlA  the  Tnoleci/Ies  of  isoan7.yl  alcohol,  make  oui  assumption  of  the  silver —sulfur  bond  even 
more  p.rocorjie,. 

rhe  o'der  of  magniorde  of  ottr  yalM.es  for  the  instability  constant  of  silver  dithizonate  approaches  that  of  the 
i.ostabiUtr  ‘  coristent  for  the  cooiitli-oadoD  oompourid  of  silver  and  hyd.rogen  sulfide  recently  obtained  b,y  Treadwell 
aurd  Hepe.nsiilck.  [4], 
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RESEARCH  ON  ACID  CATALYSTS 

1.  THE  KINETICS  AND  REACTION  MECHANISM  OF  FORMALDEHYDE  IN  AQUEOUS  ACID  SOLUTIONS 
M.  S.  Nemtsov  and  K.  M.  Trenke^) 


The  conversion  of  aqueous  solutions  of  formaldehyde  to  methanol  and  formic  acid,  which  is  frequently  con¬ 
sidered  to  be  an  oxidative-reduction  reaction,  may  be  effected  in  the  presence  of  an  alkali  (as  Cannizzaro  [1],  Meyer 
[2],  Raikov  and  Reshtanov  [3],  and  other  research  workers  have  observed  in  the  case  of  other  aldehydes)  as  well  as  in 
acid  media. 

As  far  back  as  1883  Tishchenko  [4]  heated  formaldehyde  for  a  long  time  in  sealed  tubes  together  with  strong 
hydrohalic  acids  and  obtained  formic  acid  and  methyl  halides.  He  later  found  that  a  reaction  with  IQPjo  hydrochloric 
acid  yielded  formic  acid  and  methanol  itself,  the  reaction  not  proceeding  to  completion,  part  of  the  formaldehyde 
being  recovered  untreated  even  after  heating  to  100*  for  several  weeks  [5].  V.E.  Tishchenko  is  also  the  author  of 
the  most  reasonable  hypothesis  to  explain  this  reaction.  In  1906,  in  his  classical  paper  "  On  the  action  of  aluminum 
alcoholates  upon  aldehydes*  [6],  Tishchenko  cites  the  following  equations,  after  a  critical  review  of  the  numerous 
hypotheses  put  forward  by  various  authors; 


HCHO 

HCHj 

HCH, 

CHjOH 

■¥  = 

V 

II.  b  ■►HjO  = 

+ 

HCHO 

HCO 

/ 

HCO 

HCOOH 

in  which  the  initial  conversion  product  is  an  ester,  methyl  formate.  But  up  to  the  present  time  no  data  have  been 
cited  in  the  literature  to  confirm  this  hypothesis.  Nor  have  any  papers  been  published  on  the' kinetics  of  this  reac¬ 
tion  in  acid  media.  The  present  paper  fills  diis  gap  to  a  certain  extent. 

Chemistry  of  the  Reaction 

To  check  the  composition  of  the  formaldehyde  conversion  products,  a  special  experiment  was  run  in  a  stain¬ 
less  steel  reactor,  consisting  of  a  steel  tube  fitted  with  a  jacket  in  which  a  xylene  fraction  was  boiled,  thus  en¬ 
suring  a  temperature  of  140*  within  the  reactor. 

Into  the  reactor  we  charged  458  g  of  an  aqueous  solution  containing  29.0‘5b  formaldehyde  (introduced  as  para- 
orm)  and  chemically  pure  sulfuric  acid.  The  mixture  was  heated  for  4  hours  and  then  poured  out  and  anal- 
zed,  the  fomialdehyde  being  determined  iodometrically  [7],  The  total  acidity  was  determined  by  rapid  titration 
with  0.1  N  alkali,  the  amount  of  formic  acid  produced  being  found  from  the  difference  between  the  titrations  of  the 
initial  and  final  solutions.  The  presence  of  formic  acid  was  also  confirmed  qualitatively  by  the  formation  of 
cak^n ;!  when  the  respective  fractions  were  treated  with  mercuric  chloride.  Then  the  liquid  was  neutralized  with 
an  excess  of  ammonia,  which  also  bound  a  substantial  proportion  of  the  formaldehyde  as  hexamethylenetetramine, 
and  then  fractionated  into  a  laboratory  rectifying  column  with  an  efficiency  of  60  theoretical  trays  under  operating 
conditions. 

The  characteristics  of  the  principal  fractions  are  given  in  Table  1,  which  shows  that  they  are  fairly  pure 
methyl  formate,  methylal,  and  methanol. 

The  composition  of  the  small  intermediate  fractions,  which  were  binary  mixtures,  was  determined  by  chem¬ 
ical  analysis  and  by  their  refractive  Indexes.  These  findings  are  given  in  Table  2  as  a  material  balance.  The 
balance  indicates  that  methylal  is  produced  as  follows; 

S.P. Rabinovich  assisted  in  the  experimental  work. 
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TABLE  1 


Chaiactedsdcs  of  the  Principal  Fractions  Collected  During  the  Fractionation  of  the  Reaction  Products  Into  a 
Rectifying  Column 


1  Fractions 

Methyl 

formate 

Methylal 

(azeotropic) 

Methanol 

Bolling  point  j 

r present  research . . . 

31.5-32.0*- 

40.7-41.5“ 

63.5-64.0* 

[data  in  the  literamre . . . 

31.8*[8] 

42.05*  [20] 

64.5*  [8] 

Specific  gravity  J 

r  present  research . 

0.9677 

0.8651 

0.7907 

1 

[data  in  the  literature . . . 

0.975 

0.862 

0.792 

Refractive  index  J 

r present  research . 

1.3435 

1.3519 

1.3292 

"S*  1 

[  dau  in  the  literature . 

1.344  { 

1.3534  ] 

1 

1.329 

Wt.  ^  of  the  principal  component,  by  chemical  analysis 

not 

1 

present  research .  j 

98.0  [9]  ! 

measured 

!  99.5  [7] 

CH,0  <¥  2CH,OH  - ►  CH,(OCH5)i  H*  O. 

In  addition  to  the  nujor  reactions  given  above. 

Furthermore,  comparison  of  the  quantities  of  free  formic  acid  and  methanol  (both  free  and  combined  as 
methylal)  indicates  that  they  are  equivalent  wi±in  the  limits  of  experimental  error.  Thus,  0.66  mole  of  HCOOH 
was  found  in  the  reaction  product,  while  the  amount  of  methanol  totaled:  0.492  2‘‘0.054  =^0.60  mole. 

The  slight  discrepancy  between 
these  two  figures  is  attributable,  first 
to  a  certain  exaggeration  of  the  per¬ 
centage  of  formic  acid  fouixl,  due  to 
partial  saponification  of  the  methyl 
formate  when  titrated  with  alkali, 
and  second  to  losses  of  the  highly 
volatile  methylal. 

Even  higher  losses  are  to  be 
counted  on  in  the  case  of  methyl 
formate,  the  boiling  point  of  which 
(32*)  is  close  to  room  temperature. 

Hence,  much  of  die  loss  of  formalde¬ 
hyde  in  the  material  balance  may  be 
due  to  the  HCCXX:H|.  the  quantity  of 
which  is  correspondingly  low  in  Table 
1.  Moreover,  some  of  die  formaldehyde 
may  be  converted  into  paraformalde¬ 
hyde,  which  is  not  determined  in  the  usi 

Nevertheless,  the  relationship  between  the  quantities  of  methyl  formate,  methanol,  and  formic  acid  we  have 
found  enables  us  to  reach  certain  conclusiom  when  these  figures  are  contrasted  with  the  equi  librium  concentrations 
of  the  conversion  products. 

Unfortunately,  we  have  no  data  on  the  equilibrium  constant  of  the  hydrolysis  of  methyl  formate  at  the  temper¬ 
ature  specified  for  our  experiment.  Euler  [10]  states,  however,  that  the  equilibrium  concentrations  of  the  constituents 
remain  practically  unchanged  from  0  to  60*  in  the  hydrolysis  of  esters.  Moreover,  Schultz  [11]  checked  Euler’s  data 
for  ethyl  formate  and  got  practically  the  same  value  for  the  equilibrium  constant  at  100*  that  Euler  had  found  for 
50*  (0.385  as  against  Euler's  value  of  0.36). 

The  literature  data  are  for  pure  (anhydrous)  methylal. 


TABLE  2 


Chemical  Balance  of  the  Conversion  of  Formaldehyde  at  140*  with 
IQPlo  H,S04 


Fed  in 

Quantity 

Produced 

Quantity 

CHjO 

consumed 

(moles) 

Grams 

Moles 

Grams 

Moles 

CH,0 . 

133 

4.43 

HCOOCH,. . 

10.90 

0.182 

0.364 

Including 

HCCXDH . 

30.35 

0.660 

0.660 

converted 

CKjOH . 

15.70 

0.492 

0.492 

CH,0 . 

60.3 

2.01 

ClicXlH,),.... 

4.13 

0.054 

0.162 

Water . 

294.0 

16.35 

Water . 

283.0 

15.70 

— 

CHfO  losses... 

0.332 

Total.... 

2.01 

lodometric  analysis  for  formaldehyde. 


We  were  thus  able  to  employ  Schultz's  ettpeiini.ental  findings  [11]  directly  to  calculate  the  equilibrium 
coricentratloii  of  methyl  fortnate  under  oui  experimental  conditions,  i.e,„  atl40*j  Schultz  measured  the  equilib- 
rit^m  constan:  ol  the  sysiem* 

CHjOOCH  +  H,0  =F==fc  CHjOH  +  HCOOH 


fairly  accurately  at  100  +2“  tiiroughout  a  wide  range  of  water  concentrations.  In  our  nigh  dilution,  the  value  of 
K  -  0.24,  so  that  the  equiliDilum  molar  quantity  of  methyl  formate  ought  to  be,  according  to  Table  2: 


[CHjpOCH]  = 


K[H,0] 


0.492*0.660 

0.24*15.7 


0.086  g. 


I'he  exipei-lmentai  figit’e  ot  0.182  mole  is  more  man  twice  as  high  as  me  equilibrium  molar  concentration 
of  merby  i  formate,  wMc  h  fa,,  exxteeds  any  possible  e;fcpeilinental  error.  And  when  we  remember  that  the  CHjOOCH 
concencadoi?  determined  analydcaily  was  evidently  too  low,  the  ex:ce^a  over  the  equilibrium  concentration  of 
methyl  fbr.Tri£.te  is  no  .longc.’;  sub.iect  to  any  doapt. 


Hence,  me  conve'^slou  af  torma^ldehyde  into  .medrar.c.i.  and  formic  acid  must  involve  the  intermediate  fcumi' 
ation  of  medhyi  formate,  which,  h,  ihe.u  .hydrolyzed.  If  chls  were  not  so,  the  conce.nTr.a'iion  of  methyl  formate  in 
the  reaction  products  could  .not  be  .hlg.her  iiia,n  the  Sii.j;i3ibii'irm  cont.entradon. 


Thus,  'tie  .hypo>iheds  *dy.a.rsc8d  by  .riibcheiikc  riea:w'iy  half  a  century  ago  has  been  directiy  corroborated 
by  e,itpe±me.ny„  T'IjIs  cu'.:s  the  ground  out  feom  -the  fornral  concept  refen'ed  'to  above  mat  me  Cannizzaro— Tishchenko 
reacalon  is  an  “o.vinaiye-t-edaftiDn®  reacdom 


Preliminary  Kinetic  Anaiya^ 


Two  ..wo-stage  sets  of  leacuoas  may  be  adduced  as  the  m-ost  ilkely  one  for  a  Cannizzaro  —  Tishchenko  reac¬ 
tion  in  an  acid  .medium 


The  firsii;  stage,  wfdch  is  co)aL'.ir.on.  to  noth  sets,  must  be  "fo  formation  of  a  reaction  coordination  compound 
as  foliowsr 

A  CHj(OH),  +  HjSO^i  HOCHsOH  •  H,S04 

which  can  then  react  wirh.  a  similar  coordinaao.n  compound  as  follows." 

Bi  2H0CH,0H-HtS04 - -f  CHgOOCH  +  2H,0  +  2H,S04, 


or  with  a  free  molecule  of  methylene  giyco.!; 


6,.  HOCH,OH*H,S04  +  CHt(OH),  — CHiOCX:H  +  2)H,0  +  HJSO4 

in  both  cases  we  have  employed  the  methylene  glycol  form  rather  than  the  aidehydlc  form  for  the  formalde¬ 
hyde  Gissoivefll  In  water.  Several  papers  have  demonsriaied  by  cryoscopic  deter^dnatiLons  of  molecular  weights, 
and  especiaiiy,  spectroscopic aliy,  that  the  aldehyde  form,  is  pracdcaliy  absent  .In  aqueous  solutions  [12].  For 
example,  Schou  [1^  has  found  that  the  spectra  of  formaldehyde  dissolved  in  hexane  exhibit  the  characteristic 
frequencies  of  the  carbonyi  group  H^C  =  0,  w.r>.ereas  such  unbydrated  molecules  constlmte  less  than  0  09^  of  the 
total  of  fo.rmalaehyde  molecules  in  aqueous  solutions. 


Howevei',  even  uhe  tuUy  hjdiated  ,fo:.m  is  dc-tualty  methylene  glycol  only  in.  weak  foimaidehvde  solutions 
(2°fc  and  less sinc  e  aa  eaviiMbilijm  •eacdon  involving  She  polymerization  of  the  methylene  glycol  monomer  into 
its  poi;/rae.'.i  is  set  up  in  i±ie  solu  ici.a  Ac  co'ding  to  Auerbach  and  Earzchai  [14],  the  principai  polymerization  is 
the  forraarion  of  the.  trtoer  as  follows- 


3CHk(OH;)2  HCXFaOCHijOCB^OjB  +  2  B.*0. 

The  equidbriuin  of  thi.',  ’.eaction  at  fo^mAldebyde  concentxations  up  to  30“it  is  sadsfactorlly  described  by 
the  eo.uatiorir 

- - -  :=  0,026. 

[;hc<ch(*o),h][]b*o]  * 


where  K  =  0.026  is  the  equi-libriam  constant  at  20“. 

The  equilio,cium  cj.nc.ensiad.onii  of  the  monomer —raethyiene  glycol—  calculated  for  aqueous  solutions  at 
20*  are  given  in  Table  3. 
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TABLE  3  '  ' 

Concentrations  of  Methylene  Glycol  in  Mixtures  with  Trioxymethylene  Glycol  in  Aqueous  Solutions  at  20*" 


Per  cent  concentration  of  formaldehyde  in  water 

!  28.2 

33.8 

Per  cent  of  formaldehyde  as  methylene  glycol... . 

98 

!  87 

72 

53 

!  41 

33 

The  figures  in  Table  3  Indicate  that  the  concentration  of  the  monomer  is  fairly  high  at  20"  for  al-  the  con¬ 
centrations  of  formaldehyde  solutions  that  are  attainable  in  practice  At  higher  temperatiures  the  state  of  eq?iil- 
ibrium  must  be  shifted  toward  dissociation,  as  is  the  case  in  other  polymerization  reactions  We  may  therefore 
assume,  as  a  first  approximation,  that  at  the  temperatures  employed  in  tJie  present  research  most  of  the  forttialde- 
hyde  occurs  in  the  reaction  liquid  as  methylene  glycol,  as  indicated  in  the  reactions  set  fonh  above 

As  for  the  structure  of  ±e  reaction  coordination  compound  referred  to  above  ;hls  problem  Is  of  no  account 
for  our  further  discussion.  What  is  most  iiKely,  however,  is  the  formation  of  an  oxonlum  corri.pound,  as  to'  ows* 

[H.OCH,-  p-  H"^]  HSO^ 

U 

The  possibility  that  such  compounds  may  be  formed  when  sulfuric  acid  reacts  wl  h  diethyl  ethe*^  has  been 
demonstrated  by  the  researches  of  V  V  Chelintsev,  who  secured  the  following  coordination  compounds" 

(C,H6),0-H,S04  and  2  (C,H6),0  •  HjSO^ 

as  far  back  as  1914  and  determined  their  heats  of  formation  [15].  Subsequently,  the  actual  existence  of  these 
coordination  compounds  was  convincingly  proved  by  Usanovich,  Sabinina,  and  Zavankhina  [16],  who  made  s 
comprehensive  study  of  the  physicochemical  properdes  of  the  ether  sulfuric  acid  and  water  4  suiftiic  acid 
systems. 

Kendall  and  his  co-workers  established  that  oxonlum  coordination  compounds  are  forri'^ed  by  suifunc  acid 
widi  alcohols,  using  as  their  examples  the  higher  phenols-  o^CHs)|CfH|OH  •  H1SO4  and  -  H*SO^[l'’], 

We  still  have  no  corresponding  data  in  the  litexatute  for  the  aliphatic  alcohols,  though  the  sy8t£mau.c  re<- 
searches  of  V.V.Chellntsev  on  the  heat  involved  in.  the  fonnation  of  coordination  compounds  of  vadotK  ofrygtrTi  - 
containing  compounds  with  organo-magnesium  a.  coholates  ena;  le  us  to  reach  certain  conclusions  in  this  ra^pec  i. 
as  well. 


V.  V.  Chellntsev*s  findings  [18]  on  the  heats  of  iormatlon  of  coordination  compounds  of  )lie  initial  qroie 
cules  of  some  alcohols  and  diethyl  ether  with  CtH^OMgl  and  sulfuric  acid  are  given  in  Table  4. 


TABLE  4 

Heats  of  Formation  of  Some  Oxonlum  Compounds  According 
to  V.  V.  Chellntsev  [18] 


Compound 

1  Central  group 

1  in  the  coordin- 
i  ation  compound 

Heat  evolved  by  the 
addition  of  the  initial 
molecule,  cal-mole 

Methanol . 

1  _ 
...j 

11.60 

Ethyl  alcohol..... 

•  ••1 

12.78 

Isopropyl  alcohol... i  CtHsOMgl  s 

8.88 

Phenol . 

...i  L 

5.06 

Diethyl  ether . 

...j  CjHjOMgl 

5.05 

Diethyl  ether . 

...j  HjSO^ 

:  6.87 

inspection  of  Table  4  indicates  that 
heat  evolved  by  addition  of  Cji^OMg;  to  di¬ 
ethyl  ether  is  close  to  that  involved  in  the 
addition  of  sulfuric  acid.  By  analogy  it  may 
be  assumed  that  the  heat,  of  formation  of  an 
oxonlum  coordination  compound  of  primary 
alcohols  and  sulfuric  acid  will  likewise  approach 
the  heat  of  formation  of  a  coordination  com¬ 
pound  containing  Cj%O.M.gI.  Thi.s  ihermal 
effect  for  the  pilmarv  alcohols  is  more  dha-n 
twice  liliat  for  a  coordination.  coir/Dound  with 
me  ether 


Hence,  sriong  ivy^fds  .may  he  esfac-ished 
by  the  higher  va  enc.ter  of  the  oxygen  in.  .he 
hydroxyl  group  in  tt.e  alcohols,  t±.e>e  bonds 
producing  a  fundamenta'i  change  in  he  elec¬ 
tronic  structure  of  the  CH|(OH)|  molecule  in  an  oxonlum  coordination  compound,  and  this  is  responsible  for  the 
substantial  activation  of  the  methylene  group.  This  makes  the  latter  able  to  enter  into  a  reaction  either  wi’h 
another  similarly  activated  molecule  of  the  oxonlum  coordination  compound  or  with  an  ordinary  methylene  glycol 
molecule,  these  two  alternatives  constituting  the  two  reaction  mechanisms  set  forth  above. 
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The  Ionic  nature  of  the  reaction  involved  in  the  formation  of  the  oxonium  coordination  compound  in  an 
aqueous  solution  leads  us  to  conclude  that  methylene  glycol  reacts  extremely  rapidly  with  sulfuric  acid.  We 
therefore  assume  that  the  first  stage  common  to  both  sets  of  reactions  proceeds  until  equilibrium  is  ixactically 
achieved,  as  defined  by  the  equation; 


rCl^OH)^;  1^043  ^  _ z _  , 

[CH,(0H)|][H,S04]  (a-z)(b-z) 


(1) 


where  K  ^  is  the  equilibrium  constant;  z  is  the  concentration  of  the  coordination  compound;  and  ^  and  b  are 
the  total  concentrations  of  methylene  glycol  and  sulfuric  acid,  respectively.  The  symbols  in  brackets  are  the 
respective  equilibrium  concentrations  of  the  reaction  components. 


But  when  the  concentration  of  the  oxonium  coordination  compound  is  not  very  high,  compared  to  the  total 
amount  of  methylene  glycol  present  (which  actually  is  the  case,  as  will  be  shown  later).  Equation  (1)  may  be 
simplified  as  follows; 


K 


z 

a(b  —  z) 


(2) 


whence  the  concentration  of  the  reaction  coordination  compound  is; 


z 


ab 


1 


(3) 


Equation  (3)  may  be  used  to  set  up  the  kinetic  equation  for  both  of  the  postulated  sets  of  reactions.  Surt- 
ing  with  the  stlputlated  assumption  that  the  controlling  reaction  rates  will  be  those  of  the  second  process  stages, 
we  get  the  corresponding  equations. 


Mechanism  I  yields  the  equation: 


dx 

dt 


*  k** 


[CH,(0H)|-H,S04f  =  k** 


a*  b* 


where  k**  is  the  constant  of  action  of  Bj. 


(4) 


Introducing  the  following  notation;  a^  for  the  initial  amount  of  methylene  glycol  per  unit  of  solution, 
ChjS04  concentration  of  sulfuric  acid,  x  for  the  amount  of  methylene  glycol  converted  in  time  t ,  and 

y  =  x/a#  for  the  proportion  of  the  methylene  glycol  converted  in  time  r,  we  obtain  die  following  differential 
equation; 


(1-  y)* 


(^-y 


integration  of  which  yields  the  general  form  of  equation  for  the  constant  of  action  1^' ; 


k"  = 


r 


Mechanisn-  II  yieids  the  inidal  equation; 


4.6 

IT 


log 


1-  y 


— ^ 
(1 


(4a) 


(5) 


dtr 


k*  [CH,(OH), -11,804]  [CH,(OH),]  =  k* 


a*  b 


1 


(6) 


whence,  by  analogy  with  the  preceding  derivation,  we  secure 


ay 

d-*. 


=  Ch,S04 


- 


(1-  y) 


1  -  y  ♦ 


a.  Kg 


integration  of  which  yields  the  general  equation 


(6a) 
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1 


+ 


k*  = 


CH,S04't 


2.3  log 


y 

aoKc  (1  -  y)J 


(’7) 


Inspection  of  Equations  (5)  and  (7)  yields  the  following  conclusions. 

1.  In  both  cases  the  reaction  rate  may  be  monomolecular  at  high  values  of  the  equilibrium  constant  Kc 
and  bimolecular  at  extremely  low  values  of  Kq.  This  conclusion  follows  from  the  presence  in  Equations  (5)  and 
(7)  of  terms,  the  last  of  which  correspond  to  an  expression  for  a  second-order  reaction,  while  the  preceding  ones 
correspond  to  that  for  a  first-order  reaction.  The  ratio  between  these  two  terms  will  vary  widely  with  the  value 
of  Kc.  and  in  the  extreme  cases  the  terms  that  become  extremely  small  may  be  neglected. 

2.  When  the  reaction  follows  the  patern  of  Mechanism  I,  as  specified  by  Equation  (6),  the  rate  at  which 
the  formaldehyde  is  conveited  must  be  proportional  to  the  square  of  the  sulfuric  acid  concentration,  whereas  when 
the  reaction  is  of  the  Mechanism  n  type,  as  specified  by  Equation  (7),  the  rate  must  be  proportional  to  the  first 
power  of  the  sulfuric  acid  concentration.  In  the  intermediate  case,  i.e.,  when  the  reaction  is  mixed,  with  both 
types  present  at  the  same  time,  we  must  have,  formally  speaking,  a  fractional  order  of  reaction  with  respect  to  acid. 

Procedure  Used  for  Kinetic  Measurements 

The  tests  were  run  in  sealed  glass  ampoules,  wifii  a  capacity  of  approximately  10  ml,  into  which  a  solution 
of  pure  paraform  in  distilled  water  was  introduced  together  with  a  measured  quantity  of  chemically  pure  sulfuric 
acid. 


In  preliminary  tests,  the  ampoules  were  heated  on  water  or  glycerol  baths,  the  temperature  of  which  differed 
from  the  given  temperature  by  3  to  5*  In  individual  instances  In  the  precise  kinetic  experiments  we  employed  an 
ultrathermostat  in  which  the  temperature  fluctuations  did  not  exceed  0.2*C. 

The  ampoules  were  taken  out  of  the  thermostat  at  given  intervals  of  time,  quickly  cooled,  and  their  con¬ 
tents  analyzed. 

The  formaldehyde  was  determined  iodometrically  [7],  the  formic  acid  being  determined  by  the  difference 
between  the  titrations  of  the  reacted  and  initial  solutions. 


Kinetic  Data  and  Their  Evaluation 

The  results  of  our  preliminary  tests,  made  with  less  precise  temperature  control,  are  given  in  Table  5. 

All  the  converted  formaldehyde  is  listed  in  Column  5,  Column  6  gives  the  amount  of  formaldehyde  converted 
into  formic  acid.  Comparison  of  these  figures  Indicates  that  much  of  the  methyl  formate  formed  initially  is  sub¬ 
jected  to  very  deep  hydrolysis  in  all  cases,  as  was  observed  in  the  balance  test  described  by  us. 

Since  it  is  difficult  to  use  the  derived  general  Equations  (5)  and  (7)  directly  because  of  the  absence  of  the 
values  of  the  constant  Kc,  we  employed  simpler  expressions  in  working  up  the  experimental  data  of  Table  5,  which 
describe  the  special  cases  referred  to  in  the  preliminary  kinetic  analysis  of  the  greatest  and  smallest  values  of  the 
equilibrium  constant,  i.e.,  for  K(.»  1. 


for  Kc«:  L 


Mechanism  If  kT*  *  ^ -  ; 


2  3  1 

Mechanism  H:  k{  =  ^  ^  log 


'HjSQ**® 


1-  y 


Mechanism  Ir  ki*  =  -3 - . . 

C*H,S04  aox  (1  -  y) 


(8) 

(9) 


(10) 


Mechanism  H:  k«  =  - - -  (11) 

Ch,s04  ajr  (1  -  y) 

where  Cj^^gQ^  is  the  concentration  of  sulfuric  acid  in  moles  per  100  grams;  ap  is  the  initial  concentration  of 
formaldehyde  in  moles  per  100  grams;  t  is  the  time  in  hours.  The  values  of  the  velocity  constants  computed 
from  these  equations  (cf.  T«ible  5)  indicate  that  Equations  (8)  and  (9),  dealing  with  Kq^I.  are  entirely  unsuit¬ 
able  to  describe  the  reaction  kinetics,  inasmuch  as  the  values  of  the  constant  rise  sharply  with  increasing  initial 
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TABLE  5 


Kinetics  of  the  Conversion  of  Formaldehyde  In  Aqueous  Acid  Solutions  (Preliminary  Tests) 


No. 

of 

deter¬ 

mina¬ 

tion 

Tem¬ 

pera¬ 

ture 

rime, 

hours 

(TT) 

HHI 

Converted 

proportion 

of 

CH,(OH)„ 

y 

Constants  of  action 

Monomolec- 

ular 

Bimolecular 

Mixed 

Acid  in 

terms  of 
H,S04 

CH,0 

Total 

CH,(OH), 

In  terms  of 
HCOOH 

ki'-lO, 

Equa¬ 

tion 

(8) 

kl-lff. 

Equa¬ 

tion 

(9) 

kf-lO, 

Equa¬ 

tion 

(10) 

ki*io. 

Equa¬ 

tion 

kT-ici 

Equa¬ 

tion 

(14) 

1 

2 

3 

4 

5 

6 

7 

8 

wm 

10 

11 

12 

r 

0 

6.35 

14.1 

- 

— 

— 

Bi 

B 

— 

— 

— 

,  J 

20 

6.70 

13.9 

0.013 

BI 

3.3 

2.2 

ion* 

40 

6.95 

13.3 

0.026 

Bil 

0.055 

BI 

7.3 

4.7 

1.4 

80 

7.25 

12.9 

0.040 

WBM 

0.085 

1.8 

5.8 

3.8 

1.1 

Average 

1.0 

1.7 

5.5 

3.6 

r 

0 

6.25 

28.5 

- 

- 

- 

- 

- 

*- 

- 

- 

2 

20 

6.50 

27.5 

0.032 

0.010 

3.9 

2.7 

4.5 

2.9 

100*  1 

40 

7.75 

26.1 

0.080 

0.080 

4.9 

3.4 

5.9 

3.7 

1.2 

■i 

80 

8.05 

24.9 

0.120 

0.072 

0.126 

3.7 

2.6 

4.6 

3.0 

0.9 

■ 

Average 

la 

2.9 

5.0 

■SB 

r 

0 

13.50 

12.7 

- 

- 

- 

- 

- 

B| 

- 

40 

14.45 

11.3 

0.048 

0.040 

0.113 

2.2 

3.9 

1.2 

'''  L. 

80 

14.85 

10.4 

0.078 

0.056 

0.184 

1.8 

3.5 

■a 

1.1 

Average 

0.6 

2.0 

3.7 

5.2 

1.1 

4  1 

n 

14.60 

26.25 

- 

- 

- 

- 

- 

- 

- 

- 

Jl.  <J 

1  nn*  I 

17.00 

19.70 

0.218 

0.098 

0.248 

2.5 

4.8 

4.3 

6.3 

1.3 

18.60 

18.40 

0.262 

0.164 

0.299 

1.5 

3.0 

2.8 

4.2 

IIB 

■ 

Average 

3.9 

3.5 

5.2 

1.1 

C 

r 

|B 

14.35 

28.05 

- 

- 

- 

- 

- 

- 

- 

~  < 

16.05 

23.65 

0.146 

0.070 

0.156 

19 

2.9 

2.3 

3.4 

80 

18.85 

17.95 

0.336 

0.184 

0.359 

BB 

3.7 

3.4 

5.1 

1.1 

Average 

■ 

3.3 

2.9 

4.3 

0.9 

5  r 

0 

14.50 

14.05 

- 

- 

- 

H 

- 

- 

- 

- 

120  - 130“  L 

16 

17.70 

7.70 

0.212 

0.132 

0.453 

■ 

— 

50 

74 

16 

- 

— 

— 

BI 

■B 

- 

r 

- 

- 

44 

2.26 

16.40 

10.80 

0.086 

0.076 

0.193 

— 

— 

110 

160 

35 

135“  i  1 

3.25 

16.70 

9.30 

0.136 

0.088 

0.305 

- 

140 

210 

44 

- 

4,25 

17.50 

8.50 

0.162 

0.122 

0.363 

— 

— 

135 

200 

44 

Average 

- 

- 

130 

195. 

42 

concentration  of  the  formaldehyde  (c£  Tests  1,  2,  and  3-6).  The  bimolecular  Equations  (10)  and  (11)  yield  a  satis¬ 
factory  constancy  of  the  constant  (cf  the  same  tests)  for  the  tests  with  similar  concentration  of  sulfuric  acid. 

Neither  of  the  foregoing  equations  is  satisfactory  for  describing  the  quantitative  relationship  between  the  reaction 
rate  and  the  acid  —  catalyst  concentration  Thus,  the  value  of  kj  as  computed  from  Equation  (10),  dealing  with  a 
second-power  variation  with  CHJSO45  falls  off  with  increasing  acid  concentration,  whereas  kj,  computed  from  Equation 
(11)  for  a  linear  variation  with  CHjS04»  increasing  acid  concentration  (compare  Tests  1  and  2  with  3-6). 

Thus  the  kinetic  order  of  reaction  is  fractional,  formally  speaking,  with  respect  to  sulfuric  acid. 


TABLE  6 


Effect  of  the  Concentration  of  Sulfuric  Acid  upon  the  Conversion  of  Formaldehyde  in  Aqueous  Solution  at  148.8* 


Expt. 

■ 

Time, 

Constants  of  action 

No. 

hours 

Acid,  in 

CH,0 

proportion 

H. 

kf-. 

(r) 

terms  of 

Total 

In  terms  of 

of 

Equation 

Equation 

Equation 

H1SO4 

CH,(OH), 

HCOOH 

CH,(OH)„J[ 

(11) 

(10) 

(14) 

1 

0 

3.10 

24.80 

0 

0 

0 

- 

- 

- 

10  < 

9.30 

12.50 

10.80 

0.467 

0.384 

0.565 

5.3 

168 

21 

16.5 

13.70 

7.00 

0.594 

0.434 

0,718 

6.3 

200 

25 

21.3 

14.65 

5.80 

0.634 

0.472 

0.767 

6.0 

190 

24 

0 

6.25 

25.00 

0 

0 

0 

- 

- 

- 

1.72 

12.70 

16.00 

0.300 

0.264 

0.360 

6.1 

95 

19 

11  < 

3.38 

15.20 

11.50 

0.449 

0.366 

0.540 

6.5 

102 

20 

6,72 

17.55 

7.50 

0.583 

0.462 

0.700 

6.5 

102 

20 

9.30 

17.85 

4.50 

0.683 

0.476 

0.820 

8.2 

128 

25 

1 

0 

12.50 

24.50 

0 

0 

0 

- 

- 

- 

0.47 

17,45 

18.20 

0.210 

0.202 

0.257 

7.1 

56 

17 

12  < 

0.88 

19.95 

13.65 

0.362 

0.304 

0.443 

8.6 

67 

20 

1.72 

23.35 

9.10 

0.514 

0.440 

0.630 

9.5 

74 

22 

1 

■ 

2.80 

24.30 

6.50 

0.601 

0.482 

0.736 

9.6 

75 

22 

1 

1 

0 

20.50 

24.50 

0 

0 

0 

- 

- 

- 

13  < 

1 

0.215 

26.15 

16.75 

0.259 

0.230 

0.317 

11 

53 

21 

1 

0.385 

28.40 

13.15 

0.379 

0.324 

0.464 

14 

67 

26 

1 

0.715 

31.05 

8.05 

0.549 

0.432 

0.673 

17 

81 

31 

Special  kinetic  tests  were  run  in  an  ultrathermostat  to  establish  this  relationship  quantitatively,  the  results 
being  listed  in  Table  6. 


These  findings  bore  out  the  conclusion  set  forth  above  concerning  the  fractional  acid  order  of  reaction,  i.e., 
the  kinetic  equation  ought  to  look  like  this; 


k,”* 


C'  ^ 

^H,S04 


y _ 

ao't  (1  -  y) 


where  n  is  the  exponent  of  the  kinetic  order  of  reaction  according  to  sulfuric  acid. 


Transforming  (12)  and  taking  the  logarithm  of  both  sides,  we  get  the  expression 


(12) 


n  log  C 


Differentiation  yields  the  equation 


H1SO4 


dlog  A 


+  log  k|**  =  log 


ao-t  ( 1  -  y) 


log  A. 


(12a) 


dlog  C 


HfS04 


(13) 


where  n  is  the  slope  of  a  straight  line  plotted  on  log  A  —  log  Ch^sO^  coordinates . 

Graphically  plotting  the  experimental  data  of  Table  6  we  get  n  =  1.4,  so  that  Equation  (12)  becomes: 


(14) 


H1SO4 

We  used  this  last  equation  to  calculate  the  constants  of  action  in  the  last  column  of  Table  6. 


The  values  of  kt"  thus  calculated,  as  listed  in  Table  6.  are  satisfactorily  consunt  for  adjacent  percentage 
conversions  of  formaldehyde  duoughout  a  wide  range  of  sulfuric  acid  concentrations. 

From  these  figures  we  may  conclude  that  under  the  experimental  conditions  employed  the  process  apparently 
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follows  both  of  the  postulated  sets  of  reactions,  40^  of  the  reaction  taking  place  as  an  interaction  between  two 

active  coordination  compounds. 

When  we  consider  the  course  of  the  variable  kf"  in  each  of  the  experiments,  however,  we  note  that  it 
rises  regularly  as  the  process  continues;  this  might  be  due  to  the  error  introduced  by  our  using  Equation  (14)  in¬ 
stead  of  general  Equations  (5)  and  (7)  for  the  special  case  when  the  equilibrium  consunt  Kc  is  extremely  small. 

To  test  this  assumption  we  ran  tests  with  varying  initial  concentrations  of  formaldehyde,  the  results  of 
which  are  listed  in  Table  7. 

TABLE  7 


Effect  of  the  Initial  Concentration  of  Formaldehyde  Upon  the  Conversion  of  the  Latter  in  an  Aqueous  Solution 
at  148*. 


Test 

No. 

Time, 

hours 

(x) 

Formaldehyde  consumed, 
moles/ 100  g 

Converted 

proportion 

ofCH|(OH)„ 

y 

Constants  of  action 

Acid,  in 
terms  of 
H,S04 

GHjO 

Equation 

(15) 

kf*'. 

Equation 

(14) 

Toul 

CH,(OH), 

In  terms  of 

HCOOH 

0 

12.05 

10.30 

0 

0 

0 

— 

— 

0.7 

13.60 

8.50 

0.060 

(0.064) 

0.175 

5.1 

17 

14  < 

1.4 

14.65 

7.15 

0.105 

(0.116) 

0.306 

4.9 

17 

2.8 

15.80 

5.05 

0.175 

0.152 

0.510 

4.8 

20 

L 

5.6 

16.75 

3.25 

0.235 

0.192 

0.685 

3.9 

21 

r 

0 

12.25 

13.45 

0 

0 

0 

- 

- 

1 

0.5 

14.30 

11.40 

0.068 

(0.084) 

0.152 

6.1 

15 

15  < 

1 

1.0 

15.55 

9.50 

0.131 

(0.136) 

0.292 

6.4 

17 

1 

2.0 

17.05 

6.80 

0.221 

0.196 

0.493 

6.2 

20 

3.8 

18.50 

4.60 

0.295 

0.256 

0.658 

5.1 

21 

■ 

1 

0 

12.35 

27.30 

0 

0 

0 

- 

- 

1 

0.25 

16.10 

22.75 

0.152 

0.152 

0.167 

13.5 

16 

16  < 

1 

0.5 

18.85 

18.60 

0.290 

0.266 

0.318 

14.0 

19 

1 

1.0 

21.85 

13.70 

0.453 

0.288 

0.498 

12.5 

20 

1 

2.0 

24.35 

8.65 

0.622 

0.490 

0.683 

10.5 

22 

I 


TABLE  8 


Effect  of  Temperamre  upon  the  Rate  of  Conversion  of  Formaldehyde 
in  the  Cannizzaro  —  Tishchenko  Reaction  in  Acid  Solutions 


Test 

Tempera- 

kJ” 

1  Log  ki**  •  10  1 

r 

E  1 

Temperature 

No. 

ture 

Found 

Calcul- 

cal/mole 

coefficient  in 

ated 

vicinity  of  100* 

1-6 

100“ 

0.1 

0.00 

0.00 

"1 

6 

120  -  130 

135 

1.6 

1.20 

1.20  ^ 

I 

►  32900 

3.3 

7 

4.2 

1.62 

1.65 

1 

10-16 

148.8 

17 

2.23 

2.23 

J 

The  last  column  in  Table  7 
gives  the  constants  k|’',  calculated 
from  Equation  (14)  as  before.  In  the 
next  to  the  last  column  we  have  listed 
the  values  of  the  constant  k{**  as 
given  by  the  equation 


k 


•tt  — 

1  - 


2.3 

^H,S04 


log 


1 

(1-  y) 


(15) 


that  stems  from  Equation  (7)  for  K^.  1. 


As  indicated  by  the  results  of  our 

preliminary  tests,  listed  in  Table  5,  however,  the  monomolecular  Equation  (1^  is  refuted  by  the  experimental  data, 
since  k{"  falls  proportionally  to  the  decreasing  initial  concentration  of  formaldehyde. 


The  bimolecular  constants  kj**  ,  for  the  same  percentage  conversions  of  formaldehyde,  remain  constant,  as 
in  the  preceding  tests,  when  the  initial  formaldehyde  concentration  is  varied  from  0.34  to  0.91  mole  per  100  grams, 
i.e.,  by  a  factor  of  2.7. 


Hence,  the  general  Equations  (5)  and  (7)  derived  theoretically  may  be  replaced  by  Equation  (14)  with  a  high 
degree  of  accuracy  in  the  given  case,  which  excludes  the  likelihood  that  the  assumption  made  above  is  correct. 


Calculated  for  the  mean  temperature  of  125*. 
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Another  possible  explanation  of  the  rise  of  kj***  with  increasing  percentage  conversion  of  the  formal¬ 
dehyde  was  the  presupposition  of  autocatalysis,  say,  as  the  result  of  the  catalytic  influence  of  the  formic  acid 
formed  in  the  reaction,  as  this  acid  might  also  be  able  to  form  oxonium  compounds  with  methylene  glycol.  We 
know  of  such  compounds  of  phenol  with  chloroacetic  acid,  for  example  [19]. 

However,  there  is  no  such  effect  in  the  present  case,  apparently.  This  is  borne  out  by  the  fact  that  the 
rise  in  the  k|  **  constant  with  percentage  conversion  is  no  larger  at  low  concentrations  of  sulfuric  acid  than 
in  the  tests  at  high  concentrations  of  sulfuric  acid  (see  Table  6).  Hence,  a  pronoimced  Increase  In  acidity  due 
to  the  formic  acid  produced  (by  a  factor  of  4.7  In  Test  10)  has  very  little  effect  upon  the  overall  reaction  rate. 

Therefore,  the  most  likely  reason  for  the  rise  In  the  value  of  the  constant  with  increasing  percentage 
conversion  is  the  occurrence  of  secondary  conversions  of  the  formaldehyde,  the  most  Important  being  the  form¬ 
ation  of  methylal. 

As  we  have  said,  this  conclusion  agrees  with  the  analytical  data  on  the  composition  of  the  reaction 
products  In  the  balance  test  run  at  a  high  percentage  of  conversion  (Table  2). 

It  follows  that  the  tme  constants  of  action  are  the  lower  values  calculated  from  Equation  (14),  corres¬ 
ponding  to  low  percentages  of  conversion  of  formaldehyde,  when  the  methanol  concentrations  are  still  low  and 
only  very  little  methylal  has  been  formed. 

We  used  Equation  (14)  to  calculate  the  constants  for  the  experiments  described  in  Table  5;  they  also 
remain  satisfactorily  constant  within  the  limits  of  accuracy  of  the  preliminary  measurements  throughout  all 
the  tests  made  at  100*. 

This  made  it  possible  to  use  all  the  tests  run  in  the  present  research  to  derive  an  approximate  temper¬ 
ature  coefficient  of  the  reaction  rate  in  the  given  range  of  experimental  conditions. 

To  do  this,  we  used  (of  the  data  in  Table  5)  the  arithmetical  mean  of  the  experimental  values  of  the 
constant  k*  *’,  which  rose  less  with  tlirr.e  in  this  case,  since  most  of  the  tests  listed  in  Table  5  were  run  at  a  com¬ 
paratively  low  percentage  conversion,  while  for  the  temperature  of  148.8*  we  took  the  minimum  mean  values  of 
k|*',  in  accordance  with  the  argumentation  set  forth  above. 

These  mean  values  are  listed  in  Table  8,  together  with  the  results  obtained  by  working  them  up. 

The  values  of  the  velocity  constant  tabulated  in  Table  8  lie  on  a  straight  line  when  plotted  on 

logkf**— coordinates  (see  Figure),  so  that  we  get  the  equation  log  kJ*  =18.30  —  ^  (16) 

T  *  T 

where  T  Is  the  absolute  temperature. 

The  high  value  of  the  activation  energy  — 33  kcal/mole  —  and  the  correspondingly  high  temperature  co¬ 
efficient  of  the  reaction  rate— 3.3  —Indicate  the  existence  of  a  substantial  energy  barrier  that  the  reacting  mol¬ 
ecules  have  to  overcome  even  when  only  active  coordination  compounds  Interact.  Unfortunately,  the  figures  In 
Table  5  do  not  enable  us  to  determine  the  value  of  ji  with  sufficient  accuracy  for  the  order  of  the  reaction  in 
terms  of  acid  at  100*.  This  makes  It  impossible  as  yet  to  evaluate  quantiutively  the  difference  between  the 
activation  energy  of  the  reaction  of  the  oxonium  coordination  compounds  with  the  free  methylene  glycol  mol¬ 
ecule  and  diat  of  the  reaction  between  the  oxonium  compounds  themselves.  The  satisfactory  way  in  which 
Tests  1-^  and  3-6  follow  Equation  (14)  indicates,  however,  that  at  100*  the  value  of  nm  can  hardly  be  much 
greater  than  ni4,  =  1.4  for  149^.  Hence,  it  is  hard  to  expect  any  appreciable  difference  in  the  values  of 
^  for  the  two  reactions. 

As  for  the  comparative  reaction  rates  of  the  active  coordination  compounds  with  the  methylene  glycol 
in  the  free  and  combined  state,  we  can  make  an  approximate  calculation  therefor. 

In  view  of  the  proof  that  we  can  shift  from  the  general  equations  (5)  and  (7)  to  the  bimolecular  Equa¬ 
tion  (14)  without  introducing  any  perceptible  error,  we  may  conclude  that  the  magnitude  of  the  equilibrium 
constant  of  the  formation  of  a  coordination  compound  must  be  extremely  small.  Thus,  if  we  use  Equation 
(7),  for  example,  its  first  term  may  be  ignored  only  at  Kc<  0.1  according  to  the  order  of  experimental  error 
involved. 

If  we  adopt  this  last  value,  we  get  from  Equation(l) 

[CH,(OH),  •  =  0.1[CH,(OH)2][H,S04], 
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(17) 


whence,  substituting  the  mean  values  of  the  concentrations  of  methylene  glycol  and  sulfuric  acid  used  in  the 
present  research  (in  moles  per  100  grams),  we  get  the  concentration  of  the  active  coordination  compound  as 


[C1^(0H),-H,S04]  =  0.1  •  0.5  •  0.15  =  0.0075  mole/100  grams. 

No  more  than  5^  of  the  total  acid  or  l.fPJo  of  the  formaldehyde  is  combined  in  the  active  coordination 
compound.  The  latter  figure  bears  out  the  correctness  of  the  simplification  effected  above  in  shifting  from 
Equation  (1)  to  Equation  (2).  Using  these  concentrations  of  the  constituents  of  the  reaction  mixture,  we  can 
make  an  approximate  calculation  of  the  constants:  for  the  reaction  and  k|  for  die  B|  reaction. 

Inserting  the  values  derived  above:  C$  =  0.5  mole/100  g,  Ch^sO^  ®  mole/100  g  and  C|^  =  0.0075 

/•fff'fO 


mole  /lOO  g,  in  the  equation 

ki*’  Ci^S04  C*,  =  kiCt  +  k,CKC« 


i®. 

60 


(18) 


(19) 


we  get  the  following  values  for  the  constants  of  action  in 
the  respective  reactions  at  148.8*,  conesponding  to 
kj"’  =  17: 

k 

kj  =  2000,  kj  =  50  and  =  40. 


Figure.  Variation  of  k|  **  with  temperature. 


Thus,  as  might  have  been  expected,  the  velocity 
of  interaction  between  the  molecules  of  the  active  coord¬ 
ination  compound  is  many  times  greater  than  the  velocity  of  the  reaction  of  the  coordination  compound  vrtth 
the  free  molecule  of  methylene  glycol. 

SUMMARY 

1.  It  has  been  shown  experimentally  that  the  actual  concentration  of  methyl  formate  in  the  reaction 
products  substantially  exceeds  its  equilibrium  percentage,  which  confirms  V.E.Tishchenko*s  assumption  that 
the  reaction  involves  the  intermediate  formation  of  an  ester. 

2.  A  two-stage  mechanism  is  put  forward  for  the  Caimizzaro-Tishchenko  reaction,  the  velocity  of  which 
is  governed  by  the  followii^  parallel  reactions; 

2CH,(OH),  •  H,S04-*-  HCOOCH,  +  2H,0  +  2H,S04: 

CH,(OH),  •  H,S04  +  CH,(OH),  -»•  HCXKXH,  +  2H,0  +  H,S04. 

3.  Kinetic  equations  are  derived  to  describe  the  velocity  of  the  principal  reaction  over  a  wide  range  of 
experimental  conditions. 


4.  The  activation  energy  of  the  reaction  E  =  32,900  cal/mole,  corresponds  to  a  temperature  coefficient 
of  the  reaction  rate  of  3.3  in  the  proximity  of  100*. 

5.  The  order  of  magnitude  of  the  equilibrium  constant  for  the  formation  of  the  active  coordination  com¬ 
pound  has  been  determined  to  be 

Kc<0.1, 

from  which  it  follows  that  only  little  of  the  acid  or  the  formaldehyde  is  combined  in  the  coordination  compound 
in  the  reaction  mixmre. 

6.  The  approximate  ratio  of  the  velocity  constant  of  the  interaction  between  the  active  coordination 
compounds  themselves  (kj)  to  that  of  the  coordination  compound  with  a  free  molecule  of  methylene  glycol  . 
has  been  calculated  as  (kj);  h^/kj  =  40. 

7.  It  has  been  shown  that  the  principal  reaction  is  paralleled  by  the  formation  of  methylal  as  a  result 
of  the  interaction  of  the  formaldehyde  with  the  methanol  produced. 
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SYNTHESIS  OF  HYDROCARBONS 


XVIII.  THE  HYDROBROMIDE  AND  HYDROCHLORIDE  OF  2-METHYLPENTADIENE-l,3  AND 
44vIETHYLPENTADIENE*1.3  IN  THE  SYNTHESIS  OF  HYDROCARBONS  OF  ISOMERIC  STRUCTURE 

R.  Ya.  Levina,  A  .  A . F ai  nzi  Iberg.  and  E.G.Treshchova 


In  previous  papers  one  of  the  present  authors  has  described  a  method  of  synthesizing  hydrocarbons  with  a 
quaternary  carbon  atom,  based  upon  the  reactions  of  organomagnesium  compounds  with  hydrobromides  of  diene 
hydrocarbons  —  2,4-dimethylpentadiene-l,3  [1]  and  3,5-dimethylpentadiene-2,4  [2].  The  hydrobromides  of 
these  dienes  are  alike  in  these  respects:  they  are  unsaturated  tertiary  bromides  (I  and  11)  and  homologs  of  allyl 
bromide,  while  their  stmcture  renders  an  allyl  rearrangement  impossible: 


Tertiary  hydrobromides  (or  hydrochlorides)  can  also  be  prepared  from  other  dienes  of  Isomeric  structure: 
isoprene  [3-6],  2,3-dimethylbutadlene-l,3  [5-7  and  others].  In  contrast  to  the  tertiary  unsaturated  bromides 
cited  above,  however,  these  tertiary  unsaturated  bromides  (in  and  IV),  undergo  allyl  rearrangement  into  iso¬ 
meric  primary  bromides  readily  when  heated  or  when  subjected  to  any  chemical  transformation.  Isoprene 
hydrobromide,  for  example,  reacts  with  organo^nagnesium  compounds  only  In  its  primary  form,  and  not  In 
its  tertiary  form  [5,8];  90 */•  of  2,3-dimethylbutadlene-l,3  hydrochloride  (or  hydrobromide)  likewise  enters 
into  a  reaction  of  this  sort  in  its  primary  form  [5,9].  Hence,  the  principal  products  of  these  reactions  are 
hydrocarbons  that  contai  n  no  quaternary  carbon  atom: 
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The  present  paper  is  a  report  of  an  investigation  of  the  reaction  of  an  organo-magnesium  compound 
with  the  hydrobromide  (and  the  hydrochloride)  of  4-methylpentadiene-l,3  and  2-raethvlpentadiene-l,3.  The 
addition  of  hydrogen  bromide  or  chloride  to  these  dienes  (V  and  VI)  at  the  1,2  or  1,4  position  ought  to  result 
in  the  formation  of  hydrohalides  that  can  exist,  (like  the  hydrobromides  of  isoprene  and  of  2,3-dimethylbuta- 
diene)  in  two  isomeric  forms  related  to  an  allyl  rearrangement:  as  an  unsaturated  tertiary  halide  (VII)  and  as 
an  isomeric  secondary  one  (Vni): 


4  I  t  1 

CH, 


CH, 


(VI) 


We  know  that  when  a  hydrogen  halide  is  added  to  conjugated  dienes  of  isomeric  structure  (Isoprene 
[3,5,6],  2.3-dlmethylbuudlene  [6],  and  the  like  [10],  the  initial  reaction  product  is  always  a  tertiary  halide, 
hence,  the  addition  of  a  hydrogen  halide  to  2-  or  4-methylpentadiene-l,3  also  ought  to  result  in  the  formation 
of  a  tertiary  hydrohalide  (Vn)  in  the  initial  suge.  Yet,  though  isoprene  hydrobromide  is  distilled  through  a 
wide  temperature  range  (twenty  degrees)  [5,8,11]  (since  the  low*boillng  tertiary  hydrobtomlde  is  readily  iso* 
merlzed  during  distillation  to  the  high*hoiling  primary  bromide),  the  hydrobromide  of  the  methylpenudienes 
secured  in  the  present  research  distilled  within  half  a  degree  and  evidently  was  an  individual  tertiary  hydro* 
bromide  (VII)  unaffected  by  heating. 

Nor  was  the  hydrochloride  of  the  methylpentadlenes  affected  by  repeated  distillation,  or  by  the  action 
of  an  excess  of  hydrogen  chloride,  i.e.,  by  the  conditions  in  which  the  tertiary  isoprene  hydrochloride  is  rear* 
ranged  into  the  isomeric  primary  compound  [3]. 

The  location  of  the  methyl  radical  at  the  IS  •position  to  the  active  halogen  atom  is  a  characteristic 
feature  of  the  structure  of  the  tertiary  methylpenudlene  hydrobromide  and  hydrochlorides  (VII);  this  should 
explain  their  high  sublUty  and  reactivity,  compared  to  the  tertiary  hydrobromides  of  isoprene  and  2,3<dlmeth* 
ylbuudiene  (III,  IV).  We  might,  therefore,  expect  the  products  of  the  reaction  of  the  hydrohalides  of  2*  or  4* 
dlmethylpentadlene*l,3  with  an  organomagneslum  compound  to  conuln  a  high  percentage  of  an  alkene  with 
a  quaternary  carbon  atom. 

As  a  matter  of  fact,  a  study  of  this  reaction  has  shown  that  the  hydrochloride  and  the  hydrobromide  of 
the  mediylpentadlenes  react  vigorously  with  ethylnugnesium  bromide,  producing  a  high  yield  (50^  and  702, 
respectively  of  the  dieoretlcal)  of  a  mixture  of  two  isomeric  alkenes*-4,4^dimethylhexene4  (A)  and  2,4* 
dlmethylhexene*2  (B): 


CH, 


CH, 


■S., 

)c— CH-CH-CH, 
(VII) 


/ 


:h, 

:h,-ch-ch-<^— c,H, 
iHs 


CH. 

\c«CH 
CH,'^ 


H-CH-CH, 

(vni) 


(A) 


(B) 


The  presence  of  4,4*dlmethylhexene*2  (A)  was  proved  by  the  fact  that  oxidizing  the  resultant  alkene 
mixture  with  pouulum  permanganate  yielded  acetic  and  dimethylethylacetic  acids.  Bromlnatlon  of  the 


^  If  the  hydrogen  halide  were  added  to  both  of  the  dienes  at  the  3,4  position,  we  would  get  hydrohal* 
ides  that  did  not  belong  to  the  allyl  halide  series  and  would  not  react  with  organomagneslum  compounds  under 
ordinary  conditions. 


mixture  gave  us  a  50^  yield  of  a  stable  dlbiomide,  as  Is  typical  for  a  symmetrical  disubstltuted  bomolog  of 
ethylene,  v^hirh  is  what  4,4-dimethylhexene-2  (A)  Is;  this  was  further  confirmation  of  Its  presence  in  the  alkene 
mixture  nad  produced.  The  presence  of  2,4-dlmethylhexene-2  (B)  in  this  mixture  was  proved  by  our  securing 
acetone  peroxide— the  most  characteristic  product  of  the ozonidation  of  2,4-dlmethylhexene-2— when  we  ozon¬ 
ized  the  mixture.  Investigation  of  the  Ranun  spectrum  of  the  alkene  mixture  yielded  an  interesting  conclusion 
regarding  the  geometrical  configuration  of  4,4-dimethylhexene-2  (A),  namely:  this  hydrocarbon  had  a  trans 
configuration,  so  that  the  initial  tertiary  hydrohalide  (VII)  was  a  pure  trans  form: 


CjHsMgBr 


-CH,(A) 


The  quantitative  composition  of  the  alkene  mixture  we  were  investigating  was  established  by 
hydrogenating  them  and  comparing  the  Raman  spectrum  of  the  resultant  mixture  of  alkanes  with  the  spectra  of 
the  two  components  of  that  mixture;  3,3-dlmethylhexane  (A*)  and  2,4-dimethylhexane  (B*): 


CH. 

.-L 


CjHg— C— CH*CH— CHj  (A) 
CH, 

CH,— CCH-CH— C^hs  (B) 


Ih,  Ih, 


This  spectroscopic  examination  indicated  that  the  resultant  alkane  mixture  contained  some  40^  of 
3,3-dimethylhexane  (A*)  and  some  60^  of  2,4-<limethylhexane  (B*);  hence,  the  original  mixture  of  alkenes 
conuined  the  same  proportion  of  the  respective  alkenes.  namely:  some  40^  of  4,4-dlmethylhexene-2  (A)  and 
some  of  2,4^methylhexene-2  (B). 

Therefore,  the  tertiary  allyl  halides  (the  hydrobromide  and  the  hydrochloride  of  2-  or  4-methylpenta- 
dlene-1,3),  which  possess  a  methyl  group  in  the  *6  -position  to  the  active  halogen  atom  (VII),  are  much  more 
stable  than  other  tertiary  allyl  halides  (the  hydrobromides  or  hydrochlorides  of  isoprene  and  of  2,3-dimethyl- 
butadiene),  which  do  not  possess  this  smt  of  structure  (III  and  IV). 

The  stability  of  the  tertiary  hydrohalides  (VII)  of  2-  or  4-methylpentadIene-l,3  in  reactions  with 
organomagnesium  compounds  makes  it  possible  to  use  these  halides  for  synthesizing  hydrocarbons  conuining 
a  quaternary  carbon  atom,  irrespective  of  the  allyl  rearrangement  they  frequently  experience  in  the  course  of 
the  reaction. 


EXPERIMENTAL 

The  Initial  dienes — 2-methylpentadlene-l,3  (V)  and  4-methylpentadiene-l,3  (VI)— were  prepared  as  a 
mixture  (592  yield);  b.p.  72. 5-75. 5" at  761  mm,  1.4474  and  dj*  0.7147;  contalnli%  30-35<^  of  V  and  65-7oo^ 
of  VI)  by  dehydrating  dlmethylallylcarbinol  with  chromic  oxide  on  alumina  (the  lueparation  of. these  dienes 
has  been  described  in  our  lueceding  paper  [12]. 


CH.  PH 
CUi 


CH  -ch=ch. 


-H,0 


•  CH,=C— CH,— CHCH, 
CH, 


:h,<:— CHCH— CH,  (V) 
CH, 

CH,— C=CH— CH*CH,  (VI) 

in. 
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Addition  of  hydiiosen  chloride  to  the  mlxtaie  of  meAylpemadlenes.  This  reaction  was  carried  out 
under  conditions  that  excluded  the  possibility  of  an  allyl  reanangement  of  the  resultant  tertiary  allylic  chlor¬ 
ide  (VII)  (4-chloro-4-methylpentene-2),  l.e.,  with  deep  chilling  and  the  Introduction  of  less  hydrogen  chloride 
than  called  for  by  the  equation  [3].  The  reaction  vessel  was  chilled  to  •^0-— 25*.  and  17  g  (about  0.2  mole) 
of  the  methylpentadiene  mixture  was  placed  in  it  together  with  2-3  g  of  absolute  ether  (to  insure  better  dis¬ 
solution  of  the  hydrogen  chloride);  hydrogen  chloride  was  added  until  the  gain  in  weight  totaled  5  g  (0.14 
mole).  Then  a  current  of  anhydrous  nitrogen  was  passed  through  the  reaction  mixture,  deeply  chilled  (to 
->'70  or  —80*),  to  remove  all  traces  of  any  unreacted  hydrogen  chloride. 

The  synthesized  hydrochloride  ^wMch  is  not  described  in  the  literature)  proved  to  be  entirely  stable— 
it  distilled  within  half  a  degree  and  possessed  the  following  constants: 

B. p. 46.5-47°  (83  mm),- n^  1,4438;  d**  0,8969  MRjj  35.12;  calculated  34.31;  EMp  0.81  (the  pretence 
of  exaltation  of  the  molecular  refraction  is  a  characteristic  of  allylic  halides).  The  percentage  of  chlorine  in 
the  hydrochloride  was  determined  by  the  M,.O.Koc:shun  and  M.N.Chumchenko  method  [13]:  2.5600  mg  tub- 
stance:  1.077  ml  0.02  N  AgNO^;  1.4589  mg  substance:  0.6106  ml  0.02  N  AgNO|.  Found  %  Cl  29.82,  29.66. 
C«HuCl:  Calculated  Cl  29.90. 

A  hydrochloride  with  the  ume  consunts  was  secured  when  we  prepared  the  methyl-pentadiene  hydro¬ 
chloride  with  an  excess  of  hydrogen  chloride  (a  10  g  gain  in  weight  pet  17  g  of  the  diene  mixture);  l.e.,  under 
conditiont  that  promote  an  allyl  reanangement. 

In  later  tests  the  hydrochloride  of  the  2-  and  4^ethylpentadlene-l,3  was  prepared  (with  a  yield  of  81<^ 
of  the  theoretical)  by  adding  a  stoichiometric  quantity  of  hydrogen  chloride  to  the  dienes. 

Adding  hydrogen  bromide  to  the  methylpenmdiene  mixture.  The  hydrogen  bromide  was  first  freed  of 
any  bromine  and  dried  by  paulng  it  trough  a  system  of  tubes  containing  red  phosphorus  on  glass  beads  and 
calcined  calcium  chloride.  Chilling  with,  snow  and  ult  was  itsed  for  the  reaction;  the  addition  of  the  stoi¬ 
chiometric  quantity  of  hydrogen  bromide  (15  g  of  hydrogen  bromide  to  15  g  of  the  methylpentadiene  mixture) 
was  complete  within  20-30  xrinuies,  the  reaction  being  slow  at  the  start  and  proceeding  at  high  velocity  only 
after  some  time  had  elapsed.  After  the  unreacted  hydrogen  bromide  had  been  removed  from  the  synthesized 
hydrobromide  (8S()l9  of  the  theoretical  yield)  by  passing  anhydrous  nitrogen  through  it  at  -70*  and  vacuum  dis¬ 
tillation,  it  possessed  the  following  constants  (this  compound  is  not  described  in  the  literature); 

B.p.  49.5-49.7*  (30  mm);  26*  (7  mm);  1.4787;  (i^l.2077;  MRp  38.50;  calculated  37.21,  EMp  1.29. 

4.480  mg  substaruse:  7.260  mg  COj;;  2.785  mg  KgO.  4.495  mg  subsunce:  7.302  mg  CO|;  2.760  mg 
1%0.  1.5972  mg  substance;  0.6153  ml  0.02  N  AgNO^.  2.1860  mg  substance;  0.6702  ml  0.02  N  AgNOj. 

Found  C  44.22.  44.33;  H  6.95,  6.87;  Br  48.85;  49.00.  Calculated  C  44.19;  H  6.80,  Br  49.00. 

The  hydrobromide  proved  to  be  wholly  stable,  its  constant  undergoing  no  change  after  repeated  distilla¬ 
tion  or  after  standing  for  several  days  (at  4  or  5°). 

Adding  hydrogen  bromide  to  Individual  4methylpentadiene-l,d  (VI)  with  a  b.p.  of  76.3*  at  762  nun; 

1.4520  and  ^  0.7200,  separated  .^om  the  methylpenudiene  mixture  by  treating  the  latter  with  maleic  an¬ 
hydride  [14],  yielded  a  hydrobmmide  with  the  same  corutants  as  those  specified  above: 

B.p.53.5*  (35  nun);  49.5*'  (30  mm);  1.4795;  d|*  1.2062. 

Thus,  4-methylpenudlene'-l,3  (VI)  and  a  mixture  of  that  hydrocarbon  with  the  Isomeric  2inethyl- 
pantadlenfr'1,3  (V)  yield  the  same  hydmbrondde. 

Reaction  of  ethylmagneatum  bromide  with  the  hydrochloride  and  hydrobromide  of  2-  and  4-methyl- 
pentadiene-1,3.  A  1:1  ether  solution  of  the  hydrochloride  (the  hydrochloride  was  not  distilled,  but  was  placed 
In  reaction  Immediately  after  Its  recovery  from  20.5  g  of  the  diene  rndxture)  was  chilled  with  dry  ice  and  alco¬ 
hol  and  then  reacted  with  ethylmagneslum  bromide  (43.5  g  of  ethyl  bromide  and  9.8  g  of  magnesium),  with 
constant  stirring  of  the  reaction  mixture  chilled  to  -^0—60*  (the  molar  proportions  of  the  ethyl  bromide,  mag¬ 
nesium,  and  the  hydrochloride  being  1.5tl.6;l).  After  all  the  hydrochloride  had  been  added  (during  the  course 
of  one  hour),  the  reaction  mass  was  stirred  for  another  2,5  hours  at  -20—30*  and  then  stirred  4'6  hours  while 
being  heated  the  next  day.  It  was  decomposed  by  pouring  the  reaction  mixture  over  ice  and  adding  acetic 
acld(19;b). 
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After  Ae  customary  treatment  of  the  ether  extract  and  the  driving  off  of  the  ether,  the  reaction  product 
was  distilled  with  sodium  into  a  colunm  with  an  efficiency  of  40  theoretical  trays.  All  of  it  distilled  within  a 
narrow  temperature  range,  its  constants  being  as  follows  (the  yield  was  55^  of  the  theoretical); 

B.p.  107-107.3*  (761  mm);  n”  1.4142;  <jj*  0.7210;  MI^  38.91;  calculated  38.68. 

The  ethylmagnesium  bromide  was  reacted  with  the  hydrobromide  secured  from  the  20.5  g  of  the  meth- 
ylpentadiene  mixtiue  in  the  same  manner  and  using  the  same  proportions  as  employed  for  the  reaction  of  ethyl- 
magnesium  bromide  with  the  hydrochloride,  the  only  difference  being  that  the  hydrobromide  was  placed  in  the 
reaction  with  the  reaction  mixture  chilled  to  a  still  lower  temperature;  down  to  —40—60*. 

The  product  of  this  reaction  possessed  exactly  the  same  constants  as  those  cited  above,  though  its  yield 
was  higher— 70%  of  the  theoretical,  based  bn  the  initial  methylpentadiene  mixture; 

B.p.  107.2-107.4*  at  756  mm;  1^1.4146;  4*  0.7213. 

3.800  mgsubstance;  11.925  mg  CO^;  4.888  mg  H^O.  3.785  mg  substance;  11.899  mg  COj;  4.830  mg  H|0. 
Found  %;  C  85.62,  85.74;  H  14.39;  14.28;  Calculated  %;  C  85.62;  H  14.38. 

It  should  be  noted  that  exactly  the  same  results  were  obtained  whether  the  hydrobromide  was  vacmun- 
distilled  before  the  reaction  (»  reacted  directly  after  it  had  been  prepared  from  the  methylpentadiene  mixture. 


The  constants  of  the  collected  hydrocarbon  fraction  were  quite  close  to  those  of  two  possible  reaction 
products;  4,4-dlmethylhexene-2  (A)  and  2,4-dimethylhexene-2  (B)  (see  Table). 


1 

B.p. 

Hydrocarbon  fraction  collected  .  .  . 

107.2-107.4* 

1.4146 

0.7213 

(756  mm) 

[15]  .  . 

105.4-106 

1.4120 

0.7202 

(760  mm) 

4,4-Dimethylhexene-2  (A).  .  1 

[16]  .  . 

106.3-106.7 

1.4155 

0.7223 

L 

(749  mm) 

2,4HDimethylhexene-2  (B).  .[17] ... 

108.9-109 

1.4144 

0.7223 

(760  mm) 

The  Raman  spectrum  of  the  frac¬ 
tion  with  a  b.p.  of  107.2-107.4*  con¬ 
tained  only  one  frequency  in  the 
double-bond  region;  1674  cm"*.  This 
frequency  is  typical  of  trisubstituted 
homologs  of  ethylene,  such  as  2,4- 
dimethylhexene-2  (B),  as  well  as  of 
the  trans  form  of  disubstituted  ethyl¬ 
ene  homologs,  such  as  4,4-dlmethyl- 
hexene-2  (A).  Thus,  4,4-dimethyl- 
hexene-2  had  a  trans  configuration; 
hence,  we  have  to  assign  the  same 


configuration  to  the  tertiary  hydroballde  (VII)  of  4-  and  2^iiethylpentadiene-l,3. 


Bromination  of  the  collected  hydrocarbon  fraction  (6  g)  was  effected  in  a  chilled  chloroform  solution. 

The  reaction  mixture  was  processed  in  the  usual  manner,  the  chloroform  being  driven  off  (at  reduced  pressure), 
and  the  bromination  product  fractionated  in  vacuum,  yielding  a  dibromide  (50%  of  the  theoretical  yield)  that 
possessed  the  following  constants: 

B.p.  101-103*  (10  mm),  nff  1.5113;  1.4943;  MRj)  54.56,  calculated  54.67. 

Figures  in  the  literature  for  4,4-dlmethylhexene-2  dibromide  (4,5-dibromo*B,3-dlmethylhexane)  [15]r 
b.p.  92-93*  (4  mm);  1.5113;  d?  1.5148;  MRd  54.21. 

Hence,  bromination  yielded  a  stable  dibromide  as  is  typical  of  a  symmetrical  disubstituted  homolog  of 
ethylene,  such  as  4,4-dlmethylhexene-2  (A)  is.  2,4-Dimethylhexene-2  (B),  a  trisubstituted  homolog  of  ethylene, 
ought  to  be  converted  by  bromine  into  an  unstable  dibromide  that  evolves  hydrogen  bromide  readily,  giving  rise 
to  an  unsaturated  monobromide  (as  a  matter  of  fact,  a  low-boiling  fraction  that  darkened  upon  standing  was 
driven  off  during  the  distillation  of  the  bromination  product). 

To  judge  by  the  yield  of  the  stable  dibromide,  the  percentage  of  4,4-dimethylhexene-2  (A)  in  the  ana¬ 
lyzed  hydrocarbon  fraction  was  at  least  50%. 

Oxidation  of  the  hydrocarbon  fraction  (8  g)  was  effected  with  a  APjo  water— acetone  (20%  acetone)  solution 
of  permanganate  in  the  cold,  with  vigorous  stirring.  The  customary  processing  of  the  reaction  mixture  yielded 
1.2  g  of  acetic  acid  with  a  b.p.  of  117-120* ,  and  dimethylacetic  acid  with  a  b.p.  of  187-190*  at  760  nun  (no 
intermediate  fraction  was  found). 
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According  to  A.E.FavOTsky  tl8]  dimethylethylacetlc  acid  has  a  b.p.  of  186“187.5*  (755  mm).  An- 
analysls  of  the  acid  widi  a  b.p.  of  187-190*  and  of  its  silver  salt  indicated  a  composition  that  was  that  of 
dimethylethylacetlc  acid:  . 

3.550  mg  substance.  8.057  mg  3.290  mg  H|0.  3,233  mg  substance:  7.341  mg  CO^;  3.011  mg 
HgO.  Found  ^  C  61.90;  61.93;  H  10.30,  10.35.  C«HaO^.  Calculated  C  62.07;  H  10.35.  0.1000  g 

tubiunce:  0.0481  g  Ag.  Found  Ag  48.10.  C^HixOiAg.  Calculated  Ag  48.37. 

The  acetic  acid  (the  fraction  with  a  b.p.  of  117-120*)  was  Identified  by  preparing  acetanilide  with  a 
m.p.  of  115*  (after  recrystallization);  the  mixed  melting  point  exhibited  no  depression. 

The  production  of  acetic  and  dimethylethylacetlc  acids  confirmed  the  presence  of  the  4,4^imethyl- 
hexene-S,  a  hydrocarbon  with  a  quaternary  carbon  atom.  (A),  in  the  107.2-107.4*  hydrocarbon  fraction. 

The  other  possible  constitutent  of  this  fraction  '~-2,4^imethylhexene-2,  a  trlsubstituted  homolog  of 
ethylene  (B).  Is  apparently  oxidized  by  potassium  pe.rnranganate  more  slowly  than  is  4,4-dlmelhylhexene-2, 
a  disubstituted  homolog  of  ethylene;  therefore  the  absence  in  the  oxidation  products  of  methylethylacetic 
acid,  which  ought  to  appear  as  a  result  of  oxidation  of  2,4"dimethylhexene-2,  cannot  be  regarded  as  evi¬ 
dence  that  this  hydrocarbon  Is  not  present  in  the  analyzed  fraction.  The  presence  of  2,4*<iimethylhexene-2 
in  the  fraction  was  proved  by  means  of  ozonldation. 

Ozonidadon  of  the  hydrocarbon  fracdon  (3  g)  was  eftected  in  a  chloroform  solution.  After  the  solvent, 
had  been  driven  off  in  vacuo,  the  ozonides  were  decomposed  by  prolonged  heating  with  water;  then  the  reac  ¬ 
tion  mixture  was  heated  with  2  ml  of  hydrogen  peroxide,  neutralized  with  soda,  and  distilled  with  steam.  The 
distillate  contained  white  crystals,  consisting  of  acetone  peroxide,  witii  a  m.pjof  131.5-132.5*  (the  literature 
[19]  gives  the  m.p.  as  132-133*)-  The  production  of  acetone  peroxide,  the  most  typical  product  of  the  ozon¬ 
ldation  of  2,4-dimethylhexene-2  (B),  proved  that  the  latter  was  present  in  the  tested  hydrocarbon  fraction  (the 
acids— acetic,  methylethylacetic  and  dimethylethylacetlc— were  not  isolated  from  the  ozonldation  products). 

Thus,  bromination,  oxidation,  and  ozonldation  combined  to  show  that  the  product  of  the  reaction  of 
4-methylpentadlene-l,3  (or  2-methylpentadiene-l,3)  hydrobiomide  with  ethyhnagnesium  bromide  is  a  mixture 
of  4,4-dlmethylhexene-2  (A)  and  2,4-dimethylhexene-2  (B).  The  qualitative  and  quantitative  composition  of 
this  mixture  was  finally  established  by  hydrogenating  it  to  a  corresponding  alkane  mixture  and  then  analyzing 
the  latter  optically. 

Hydrogenation  of  the  ntixture  of  aUcenes  (50  g)  was  performed  at  160-165*  over  platinized  charcoal  (15^ 
(15^  Pt). 

Part  of  the  catalysis  product  was  distilled  into  a  small  dephlegmator  for  analysis  of  its  Raman  spectrum.^ 

In  this  analysis,  chloroform  was  used  as  an  Internal  standard. 

Several  Raman  spectra  of  the  test  alkane  mixture  and  of  2,4>dimethylhexane,  to  which  a  certain  amount 
of  chloroform  was  added,  were  photographed  on  the  same  plate.  Blackening  marks  were  placed  on  the  plate,  a 
photometric  procedure  [20]  being  employed  to  determine  the  ratio  of  the  intensity  of  the  line  of  the  2,4-dimeth  - 
ylhexane  (B*)  selected  for  analysis  to  that  of  the  669  cm**^  line  of  chloroform  in  the  spectra  of  the  indivldlul 
hydrocarbon  and  of  the  tested  mixture  of  alkanes.  (The  669  cm*^  chloroform  line  did  not  coincide  with  any 
other  lines  in  the  spectra,  as  had  been  determined  by  preliminary  photographs.)  The  percentage  of  2,4'dlmeth- 
ylhexane  (B*)  was  determined  from  its  most  Intense  line  (827  cm**).  Two  independent,  parallel  determinations 
were  made  for  otiier,  less  Intense  lines  of  this  paraffin  hydrocarbon,  all  these  determinations  yielding  results 
that  were  close  together.  The  Raman  spectrum  of  the  alkane  mixture  is  given  below;)*^ 

270(0);  318(3;b);  339(0.5);  358(0.8);  416(1.5;b);  441(1.8);  467(1);  500(0.6);  715-735(atb){  '767(1.5);  794(0.5);  815(1.2) 
827(6);  857(1.2);  875(2);  907(3.5;b);  930(1);  956(4);  996(1.8);  1040-1050(2.5;b);  1085(1);  1100-1107(3;b);  1148(2); 
1170(4);  1193(3);  1241(1.2);  1267  (1);  1309(1.8;b);  1344(1);  1382(1);  1443(10);  1463(9). 

1)  We  wish  to  express  our  gratitude  to  V.M.Tatevsky  for  his  counsel  concerning  the  optical  analysis. 

*)  The  intensities  of  the  analytical  lines,  827  cm"*  (for  2,4-diraethylhexane  [21])  and  715-735  cm"'  (for  3,3- 
dimethylhexane  [22])  in  the  spectrum  of  the  tested  mixture  were  determined  photometrically;  the  intensities 
of  tile  other  lines  were  estimated  visually;  b  denotes  a  wide  band. 


The  concentration  of  2,4-<llniethylhexane  by  weight  in  the  tested  alkane  mixture,  was  determined  from  the 

formula: 

Ml  .i  .  k. _ I _ 

^  C,  It  I,  100  -  c,  ’ 


Where  Nj  is  the  concentration  of  this  hydrocarbon  by  weight  in  its  mixture  with  chloroform;  is  the  concentra* 
tion  of  chloroform  by  weight  in  the  same  mixture;  Cx  is  the  concentration  of  chloroform  by  weight  in  the  chloroform 
solution  of  the  alkane  mixmre,  and  /I  ^  and  ^  /If,  respectively,  are  the  ratio  of  the  intensity  of  aiulytical  line 
827  cm*^  for  2,4-dimethylhexane  in  its  mixture  with  chloroform  to  that  of  the  669  cm"*  chloroform  line,  measured 
in  the  spectrum  of  the  chloroform  solution  of  2,4-dimethylhexane,  and  in  the  spectrum  of  the  chloroform  solution 
of  the  test  alkane  mixture. 


The  optical  analysis  indicated  that  the  alkane  mixtures  produced  by  hydrogenating  the  products  of  the  reaction 
of  ethylmagnesium  bromide  with  the  hydrobromide  and  the  hydrochloride  of  the  methylpentadienes  have  composi¬ 
tions  that  are  very  much  alike;  in  the  former  case,  the  percentages  of  2,4-dimethylhexane  and  3,3-dimethylhexane 
were  some  61  +5^  and  some  39+5^  respectively,  the  corresponding  figures  for  the  latter  case  being  58  4  5^  and 
42+5f^. 

Part  of  the  resultant  alkane  mixture  (32  g)  was  distilled  with  sodium  into  a  column  with  an  efficiency  of  40 
theoretical  trays.  The  alkane  mixture  distilled  throughout  a  wide  temperature  range  (107-111*),  in  sharp  contrast 
to  the  original  mixture  of  alkenes,  which  distilled  into  the  same  column  in  a  narrow  range  (107.2-107.4*).  Re¬ 
fractionation  (into  a  column  with  60  theoretical  trays)  enabled  us  to  separate  the  two  components—  2,4-dimethyl¬ 
hexane  (5  g)  and  3,3-dimethylhexane  (6  g),  with  an  intermediate  fraction  totalling  17  g—  in  this  alkane  mixture 
(with  a  b.p.  of  107-111"). 

2,4-Dimethylhexane:  b.p.  109®  (768  mm);  n”  1.3960;  d**  0.7018;  MI^  39.11;  calculated  39.14. 

Literature  data:  b.p.  108.5-109*  (740  mm);  1.3967;  0.7032  [23]. 

3,3-Dimethylhexane:  b.p.  111-111.1*  (768  mm);  n*{)  1.4005;  dj*  0.7085;  MRd  39-13;  calculated  39.14. 

5.238  mg  substance;  16.143  mg  COj;  7.365  mg  H*0.  4.320  mg  substance;  13.330  mg  CQi;  6.080  mg  H*0. 

Found '7o.  C  84.10,  84.21;  H  15.73,  15.75.  C,Hi,.  Calculated  *51).  C  84.12;  H  15.88. 

Literature  dau;  b.p.  110.9*  (754  mm);  nf}  1.4014;  dj®  0.7094  [24];  b.p.  110.7-111.2*  (760  mm);  1.3992; 

dj®  0.7078  [15]. 

Investigation  of  the  Raman  spectrum  of  the  3,3-dimethylhexane  indicated  that  it  contained  no  trace  of  2,4- 
dimethylhexane. 

Thus,  about  40'^  of  the  hydrochloride  and  the  hydrobromide  of  2-  or  4^ethylpentadlene-l,3  reacts  with 
ethylmagnesium  bromide  in  their  tertiary  form,  yielding  an  alkene  with  a  quaternary  carbon  atom  —  ttans-4,4- 
dimethylhexene-2,  hydrogenation  of  which  yields  3,3-dimethylhexane. 


SUMMAR'X 

1.  Adding  hydrogen  chloride  and  bromide  to  2-  and  4-methylpentadlene-4, 3  results  in  the  formation  of  un¬ 
saturated  tertiary  halides  of  the  allyl  type  that  are  unaffected  by  heating  or  distillation. 

2.  The  hydrochloride  and  the  hydrobromide  of  2-  and  4-methylpentadiene-l,3  (not  described  in  the  literature) 
react  vigorously  with  ethylmagnesium  bromide,  yielding  a  mixture  of  two  isomeric  alkenes  with  adjacent  boiling 
points:  4,4-dimethyIhexene-2  and  2,4  dimeihylhexene  -2  (the  yields  being  55f^  and  70‘5b  of  the  theoretical,  respect¬ 
ively).  The  formation  of  these  two  hydrocarbons  is  due  to  the  fact  that  a  tertiary  hydrogen  halide  and  an  isomeric 
secondary  hydrogen  halide,  related  via  an  allyl  rearrangement,  take  part  in  the  reaction  with  the  ethylmagnesium 
bromide. 


3.  The  qualitative  composition  of  the  resultant  alkene  mixture  was  corroborated  by  the  results  of  bromlna- 
tion,  oxidation,  ozonidation,  and  optical  analysis.  The  quantitative  composition  of  this  mixture  (some  40*^  of  the 
hydrocarbon  with  a  quaternary  carbon  atom  —  4,4-dimethylhexene-2,  and  some  of  the  2,4-dimethylhexene-2) 
was  established  by  hydiogenatlng  ihe  mixture  and  analyzing  the  composition  of  the  resulting  alkane  mixture  by 
the  Raman  spectrum  method. 

4.  It  has  thus  been  founa  that  about  of  the  hydrochloride  atrd  the  hydrobromide  of  2-  and  4^nethylpenta- 
diene-1,3  react  with  an  orga nomagnesium  bromide  as  tertiary  allylic  halides,  which  are  characterized  by  having  a 
methyl  radical  at  the  6  posiiion  to  the  active  halogen  atom.  In  this  respect  the  hydrohalides  of  2-  and  4-methyl- 
pentadiene-1,3  differ  tromi  the  hydrohalides  of  isoprene  and  of  2,3-<iimethylbutadiene-l,3,  which  react  with  organo- 
magnesium  compounds  almost  exclusively  as  primary  allylic  halides  (only  very  slightly  as  tertiary  halides). 
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5.  It  has  been  found  (by  the  Raman  spectrum  method)  that  the  4,4-dlmethylhexene-2  formed  from  the  tertiary 
hydrohalide  of  2'  and  4-methylpentadiene-l,3  has  a  ttans  configuration,  so  that  the  initial  unsaturated  tertiary  halide 
must  possess  the  same  configuration. 

6.  The  high  yield  (70<5fc  of  the  theoretical)  of  the  mixture  of  alkenes  produced  by  reacting  ethylmagnesium 
bromide  with  the  hydrobromide  of  2-  and  4-methylpeniadiene-l,3  and  the  substantial  percentage  of  4,4-dimethylhex- 
ene-2  (some  40^)  in  this  mixture  and  of  3,3-dimethylhexane  in  the  corresponding  mixture  of  alkanes  makes  it  pos¬ 
sible  to  utilize  the  reaction  studied  in  this  paper  for  synthesizing  alkanes  with  quaternary  carbon  atoms. 
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OXIDATIVE  AND  O XID A T I V E- H YD RO L Y T IC  TRANSFORMATIONS  OF  ORGANIC  MOLECULES 
XX.  THE  STRUCTURE  OF  OXIDES  OF  UNSATURATED  COMPOUNDS 


M.  M.  Shemyakin,  D.  A.  Bochvar,  and  L.  A.  Shchukina 

As  we  have  stated  more  than  once  the  oxides  of  various  types  of  unsaturated  compounds  are  subsunces 

that  are  frequently  the  end  products  in  purely  oxidative  transformations  of  organic  molecules,  whereas  these  oxides 
occur  as  intermediate  products  in  oxidative-hydrolytic  reactions,  which  then  undergo  a  series  of  subsequent  changes. 

It  is  natural  that  the  stmcture  and  properties  of  oxides  of  unsaturated  compounds  are  essential  factors  in  a 
correct  understanding  of  oxidative-hydrolytic  transformations.  Up  to  very  recently  the  structure  of  compounds  of 
this  type  has  been  represented  by  formulas  of  Type  (I),  which  have  been  generally  adopted.  Some  years  ago,  how¬ 
ever,  P.  Karrer  [12]  asserted  that  the  oxides  of  unsaturated  compounds  ought  to  be  subdivided  into  two  kinds;  the 
first,  not  possessing  an  oxidizing  ability  and  possessing  a  Type  (I)  stmcture,  and  the  second,  possessing  oxidizing 
ability  and  a  stmcture  that  was  expressed  by  formulas  of  Type  (II). 

(I)  (H)  (HI) 

X  =  -C-  ,  -C-OR  or  -CH=CH- 

I  H 

P.  Karrer  emphasized  that  oxides  of  the  first  kind  are  characterized  by  an  absence  of  substiments  in  their 
molecules  that  could  polarize  the  C  —  O  bond  of  the  oxide  group,  while  oxides  of  the  second  kind  had  such  sub¬ 
stiments.  We  know,  as  a  matter  of  fact,  that  ethylene  oxide,  as  well  as  its  homologs  and  derivatives,  which  do  not 
have  strongly  polarizing  substituents  immediately  adjacent  to  the  oxide  group,  have  no  oxidizing  ability,  whereas 
the  oxides  of  a,  B -unsaturated  ketones  and  of  some  esters  of  a, B -unsaturated  acids,  as  well  as  oxides  of  the  carot¬ 
enoids  are  oxidants  [13].^)  It  is  these  comparisons  that  lead  P.  Karrer  to  the  following  conclusions: 

1)  When  the  oxide  molecules  have  no  polarizing  substituents,  their  stmcture  is  expressed  by  Type  (I)  formulas, 
and  their  oxidic  oxygen,  connected  by  two  covalent  bonds  to  the  carbon  atoms,  cannot  possess  oxidative  ability. 

2)  When  the  oxide  molecules  contain  substiments  that  can  polarize  the  C  —  O  bond  of  the  oxide  group,  the 
structure  of  the  oxides  is  represented  by  Type  (II)  formulas,  or  more  accurately  Type  (III),  so  that  they  exhibit  the 
properties  of  oxidants. 

In  our  opinion  P.  Karrer*s  views  are  wrong,  for  the  following  reasons. 

First,  they  are  contradicted  by  certain  arguments  of  a  general  nature.  For,  if  we  extend  Karrer’s  standpoint 
consistently,  the  oxidative  ability  of  oxides  must  be  characterized  quantitatively,  say,  by  the  values  of  the  oxida¬ 
tive  potentials  determined  under  certain  standard  conditions.  But  then  we  will  undoubtedly  find  a  gradual  transition 
from  oxides  with  low  oxidative  ability  to  oxides  with  high  oxidative  ability,  thus  making  any  division  of  oxides 
into  two  kinds  according  to  their  oxidizing  ability  completely  arbitrary. 

Second,  in  expounding  his  views,  P.  Karrer  ignores  modern  concepts  of  the  nature  of  the  polarizing  action  of 
the  substituents  he  considers.  In  fact,  he  assigns  Type  (III)  formulas  to  the  oxides  of  a  ,B-unsamrated  ketones  and 
of  esters  of  a  ,B-unsatuiated  acids,  in  these  formulas  the  C  —  O  bond  of  the  oxide  group  being  polarized  in  such  a 
way  as  to  produce  a  positive  charge  on  the  carbon  atom  linked  to  the  carbonyl  or  carbalkoxy  group.  It  is  a  matter 
of  common  knowledge,  however,  that  a  group  of  this  sort  can  exert  a  polarizing  effect,  due  to  the  shift  of  electrons 
only  toward  these  groups.  Hence,  since  P.  Karrer  ascribes  a  polarizing  action  to  the  carbonyl  and  carbalkoxy 
groups  that  is  contrary  to  what  is  acmally  so,  the  Type  (IE)  formulas  proposed  by  him  for  these  oxides  are  incorrect. 

*)  Oxides  of  a  ,B-unsaturated  ketones  and  of  esters  of  a ,  B-unsaturated  acids,  like  the  oxides  of  tertiary  amines  and 
iodooso  compounds,  oxidize  monovalent  negative  iodine  to  free  iodine. 
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solution  of  2.1  g  of  2,3'dii^enyl-l,4‘iiaphthoqd.noii*i  in  50  ml  of  aicohol„  followed  by  11  ml  of  a  10^  aqueous  solution 
of  soda.  The  solution  was  heated  to  a  boil  and  ilien  boiled  for  7-8  minutes,  after  which  it  was  cooled  and  poured  into 
200  ml  of  wa^r.  The  pieclpitate  was  filtered  out,  washed  with  water ,  arid  recrystallized  from  alcohol  containing 
activated  charcoal.  M.p.  155-156^.  Weight  1.16  g;  52*51)  yield. 

Found  %  C  80.81;  H  4,36.  CuHi4Ps,  Calculated  <5b;  C  80.98;  H  4.29. 

c)  Properties  of  2,3-dlpfaenyM,4"naphthoquinone  otilde.  The  oxidative  properties  of  2, 3-diphenyl-l, 4-naphthoquin¬ 
one  oxide  were  determined  unde'  the  same  conditions  as  those  described  above  for  2,3-dimethyl“l,4-naphthoquinone 
oxide.  The  oxide  sample  weighed  0,2416  g;  the  iodine  was  found  to  total  0.1862  g  (98.9*51),  based  on  the  initial  oxide). 
The  ether  solution  yielded  0.2300  g  of  2,3-<liphenyl-l,4'iniaphEhoqtdnone  (m.p.  139-140"),  or  100.1*51),  based  on  the 
initial  oxide. 

SUMMARY 

It  has  been  shown  that  the  concepts  put  forward  by  P.  Karrer  concerning  the  structure  of  oxides  of  unaaturated 
compounds  are  wrong 
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DER'VATV  r,"  <>r  .C --'T  i  LFM  S.  132.  a-<ETONJC  ETHERS  AND  TFEIR  TRANSFORMATIONS 

I!)..  THEMONOETIJFROr  ,3.i3  DT^’l’THYL  DIvTNYL  KETONE  OXIDATION  OF  VIir^^L  ISOSH’TiL  KETONE 
AiND  EJ.’HYX  ISCBUTENEL  KETONE  WITH  ALKALINE  HiDROGEN  PEROXIDE 

I.  N.  Nazarov  and  A.  A  Akhrem 


in  our  previous  report  we  showed  [1]  that  when  6, S -dimethyl  diMfiyl  ketone  (I)  is  oxidized  with  two  moles  of  alk¬ 
aline  hydrogen  peroxide  a  60^0  yield  ot  the  corresponding  ketonic  diethei  (!I)  is  obtained: 


CHa 

CH, 


^>C^CHCOCH=  CH^ 

(I) 


NaOH 


CHa 

CHr 


:><5 


A  /V 

- ^CHCOCH  — CH, 

(ID 


We  were  interested  in  ixiaking  a  study  of  the  behavior  toward  alkaline  hydrogen  peroxide  of  the  double  bonds  of  6,0- 
dimethyl  divinyi  ketone  (I),  which  possess  diftering  degrees  of  substitution. 

When  0,0-dimethyi  divinyl  ketone  (I)  is  oxidized  with  one  molecule  of  alkaline  hydrogen  peroxide,  it  is  principally 
the  unsubstimted  vinyl  group  that  enters  into  reaction,  giving  rise  to  a  40^  yield  of  tne  unsaPirated  monoether  (III): 


CH, 


CH 


CHCOCli 


(in) 


CHs  /\ 


K 


CH 


>C - 'CHCOCH=CHj 


(IV) 


Alongside  the  monoether  (IE),  this  reaction  also  yields  the  diether  (H)  and  a  small  quantity  of  the  isomeric  monoether 
(IV),  so  that  this  reaction,  in  contrast  to  other  addition  reactions  [2],  is  not  rigidly  selective.  In  contrast  to  the  divinyl 
ketones,  oxygen  is  added  principally  at  the  substituted  double  bond  when  ethylenic  hydiocarbons  are  oxidized  by  acid 
hydroperoxides  [3],  When  the  monoeiher  (III)  is  partially  hydrogenated  (1  mole  of  Hj)  in  the  presence  of  a  palladium 
catalyst,  it  is  chiefly  the  double  bond  tliat  is  hydrogenated,  yielding  the  ketonic  ether  of  vinyl  isobutyl  ketone  (V).  Ex¬ 
haustive  hydrogenation  of  the  monoether  (in)  with  a  palladium  catalyst  results  in  rupture  of  the  oxide  ring,  yielding  the 
0-ketol  (VI),  which  yields  the  previously  described  [4]  vinyl  isobutyl  ketone  CVlI)  when  dehydrated  with  p-ioluenesulf- 
onic  acid: 

OH 


CH, 


A 


'’ACHCHjjCOCH— CHj 
CH^" 

(V) 


CH, 

CH 


’^HCHjCOCHzCHj 


CH. 


\ 


chZ 


>CHCH2C0CH=  CHj 


(VI) 


(VH) 


Hydrolysis  of  the  monoether  (IH)  with  dilute  smfuric  acid  [5]  yielded  a  crystalline  product,  2,2  <iimethyl-0-hydroxytetra“ 
hydio-4“pyrone  (iX),  which  was  formed  by  the  cyclization  of  the  intermediate  urisaturated  ketoglycol  (VJJI): 


o  OH 

A  JiO  I 

yC=gCM.COCK--CH,  >C— CKCOCH 

chL  chY 


-GHjOH 


CH. 


CHg  ^CHOH 


(III) 


(vni) 


CHi 


(IX) 


The  conversion  of  the  unsatiiiated  ketonic  ether  (III)  Into  the  hydrox>pyrone  (IX)  by  the  action  of  dilute  sulfuric 
acid  is  not  a  smooth  reaction  In  addition  to  the  crystalline  hydroxypyrone  (IX),  we  get  the  ketoglycol  (Vni)  and  an 
isomeric  low-boiling  product  of  unknown  compositiom  Hydrolyzing  the  monoether  (III)  with  water  yielded  the  unsatur¬ 
ated  ketoglycol  (VIC.). 

We  also  synthesized  the  saturated  ketonic  ether  (V)  by  oxidizing  vinyl  isobutvl  ketone  (X)  with  alkaline  hydrogen 
peroxide,  the  yield  being  60 1 ; 
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CH, 


^HCHjCOCH = CH, 
CH, 


CH,  /\ 

'^HCHjCOCH —  CHj 


NaOH 

i-Hj 

(X)  (V) 

Hydrolyzing  the  ketonic  ether  (V)  with  dilute  sulfuric  acid  yielded  the  crystalline  ketoglycol  (XI): 

OH 


CH, 
CH, 


XXI)  J^HCH,COCHCH,OH 


CH, 

^CHCHjCOCOCH, 

CH, 


(XII) 


The  hydrolysis  reaction  was  paralleled,  however,  by  the  isomerization  of  the  ketonic  ether  (V)  to  the  well-known 
a  -  diketone  (XU)  [5].  Hydrogenation  of  the  ketonic  ether  (V)  with  a  palladium  catalyst  yielded  the  6-ketol  (VI) 
described  above.  As  in  the  case  of  mesityl  oxide  [1] ,  the  oxidation  of  ethyl  isobutyl  ketone  (XUl)  with  alkaUne 
hydrogen  peroxide  is  not  a  smooth  reaction,  a  low  yield  of  the  ketonic  ether  (XIV)  being  produced! 


(Xni) 


CH, 

^=CHCOCH,CH, 

CH, 


NaOH 


(XIV) 


In  this  reaction  the  formation  of  the  ketonic  ether  (XIV)  is  paralleled  by  that  of  a  high-boiling  product  with 
the  empirical  formula  of  C7H|4P,.  an  isomer  of  the  ketoglycol 


EXPERIMENTAL 

Preparation  of  the  monoe^Aei  of  6,6“<iimethyldivlnyl  ketone  (111).  A  solution  of  55  grams  of  0,6 -dimethyl 
divinyl  ketone  (I)  (b.p.  46*  at  10  mm:  1.4815)  [4]  in  500  ml  of  acetone  was  chilled  to  -10",  and  112  ml  of 

hydrogen  peroxide  (1  mole)  and  8  ml  of  a  4  N  aqueous  solution  of  sodium  hydroxide  were  added  simultane¬ 
ously  from  two  dropping  funnels  in  the  course  of  1  hour,  with  constant  stirring  and  chilling.  The  solution  temper¬ 
ature  was  kept  at  -10  to  -6*  by  chilling  the  flask  with  a  snow  and  salt  mixture.  One  hour  after  the  reagents  had 
been  added,  the  solution  contained  1.13  g  of  hydrogen  peroxide  (17  g  of  hydrogen  peroxide  having  been  added). 

The  alkali  was  neutralized  with  IQPJq  sulfuric  acid,  the  sodium  sulfate  was  filtered  out,  pyrogallol  was  added,  and 
the  solvent  was  driven  off  in  vacuo.  The  product  was  extracted  with  ether,  dried  with  magnesium  sulfate, 
and  fractionated  in  vacuo  after  the  ether  had  been  driven  off  This  yielded  20  g  of  the  monoether  (HI)  as  a 
colorless  volatile  liquid  with  a  faint  camphor  odor. 

B.p.  48.5-49"  at  1  mm;  n^  1.4830;  d**  1.0247;  MRq  35.18;  calculated  34.21. 

8.680  mg  substance;  21.16  mg  CO^;  6.24  mg  H,0.  10.950  mg  substance;  26.60  mg  CQ^;  7.98  mg  H,0. 

0.1207  g  substance;  12.0  g  benzene;  At  0.426®.  0.2829  g  substance;  12.0  g  benzene;  At  0.967". 

Found  <5t!  C  66.49,  66.29;  H  8.04,  8.15.  M  123,  126.  CyHiiO,.  Calculated  C  66.67;  H  7.94;  1^126. 

The  semicaibazone  of  the  tr;onoethei  (HI)  could  not  be  recrystallized;  it  melted  with  decomposition  at 
132-133*  after  having  been  washed  with  methanol 

5.635  mg  substance*  0.757  ml  (22*,  752  mm).  7,473  mg  substance;  1,021  ml  1^  (23®,  745  mm). 

Found'^fc;  N  15,38,  15.45.  Ci5H,iO,N,.  Calculated  <%  N  14.43. 

In  another  test,  we  secured,  in  addition  to  the  monoethe.’.  (Ill)  5  g  of  a  fraction  with  a  b.p.  of  43-44"  at  1.5 
mm;  n“  1.4810,  green  in  color  with  an  acrid  odor,  which  probably  was  the  isomeric  monoether  (IV).  It  was  not 
investigated  any  further. 

The  monoerher  (HI)  underwent  no  change  when  kept  in  a  sealed  container  for  a  long  time.  It  slowly  thickened 
when  exposed  to  the  air,  turning  into  a  tacky  polymer. 

When  the  6,6-dim.ethyl  divinyl  ketone  (I)  was  oxidized  with  alkaline  hydrogen  peroxide  in  dioxane,  the 
yield  of  the  monoether  (IE)  dropped  to  IG^fc,  about  IQ’Jo  of  the  previously  described  ketodiether  (H)  being  produced, 
though  the  principal  reaction  product  was  a  polymer. 

Hydrogenation  of  the  monoether  (El),  a)  6.3  g  of  ihe  freshly  distilled  monoether  (El)  was  dissolved  in  40  ml 
of  ethyl  alcohol  and  hydrogenated  with  0.1  g  of  a  palladium  catalyst  on  calcium  carbonate.  Hydrogenation  set 
in  immediately  and  continued  at  a  rather  high  velocity,  1.28  liters  of  hydrogen  being  absorbed  vrlthin  1  hour  15 
minutes,  after  which  hydrogenation  was  broken  off.  The  coagulated  catalyst  was  filtered  out,  the  alcohol  driven 
off,  and  the  residue  disdUed  in  vacuo. 
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This  yielded  1. 8  g  of  the  saturated  ketonic  ether  (V)  as  a  colorless,  mobile  liquid  with  a  pleasant  ethereal 
fragrance. 

B.p.  C:'''-  ar  I?,  mm;  1.4340;  dj®  0.9624  MRp  34.57;  calculated  34.68. 

6.390  mg  substance:  14,  414  mg  CO|;  5,485  mg  HjO.  3.221  mg  substance:  7.774  mg  COj;  2.760  mg  HjO. 

0.1408  g  substance;  14.0  g  benzene:  At  0.392*.  0.3686  g  substance;  14.0  g  benzene;  At  1.063*. 

Found  <51;,:  C  65.83,  65.86;  H  9.60,  9.59.  M  133,  128.  CtHuO,.  Calculated  <7o;  C  65.63;  H  9.37;  M 128. 

We  were  unable  to  recrystallize  the  semicarbazone  of  the  ketonic  ether  (V).  After  it  had  been  washed  on 
the  filter  with  methanol,  it  consisted  of  colorless  crystals  with  a  m.p.  of  98*  (decomp.). 

3.350  mg  substance;  0.677  ml  N*  (18*,  743  mm).  3.730  mg  substance;  0.757  ml  (21*,  742  nun). 

Found  N  22.82,  23.0.  CgHijOiN,  Calculated  N  22.70. 

b)  8  grams  of  the  monoethei  (lU)  was  dissolved  in  60  ml  of  ethyl  alcohol  and  then  hydrogenated  for  7  hours 
with  0.15  g  of  a  palladium  catalyst  During  the  first  hour  and  15  minutes  2.5  liters  of  hydrogen  was  absorbed, 
after  which  hydrogenation  slowed  down  considerably,  only  0. 1  liter  of  hydrogen  being  absorbed  during  the  next 
5  hours  45  minutes.  A  total  of  2.6  liters  of  hydrogen  was  absorbed.  The  catalyst  was  filtered  out,  the  alcohol 
driven  off,  and  the  product  distilled  in  vacuo. 

This  yielded  2  grams  of  a  fraction  with  a  b.p.  of  64.5-66*  at  10  mm,  conesponding  to  the  ketonic  ether  (V) 
described  above,  plus  1.8  grams  of  a  fraction  of  the  ft-ketol  (VI)  as  a  colorless  liquid  with  a  b.p.  of  61*  at  1  mm. 

ng  1.4352;  dj®  0.9461;  MRd  35.87;  calculated  36.06. 

5.984  mg  substance:  14.157  mg  CO^;  5.791  mgH|0.  3.849  mg  substance;  9.065  mg  CO|;  3.715  mg  H|0. 

0.2167  g  substance;  47.6  ml  CH^  (19*,  754  mm)  by  the  Chugaev  -  Tserevitinov  method. 

Found  C  64,56,  64.27;  H  10.83,  10.80;  OH  15,  29.  CtHijCKOH).  Calculated  C  64.62;  H  10.77;  OH  13,08. 

It  formed  adihydrazone  with  a  m.p.  of  145*  (from  ethyl  alcohol)  when  reacted  with  2,4-dinittophenyIhydrazine. 

3.795  mg  substance:  0.766  ml  Nj  (23*,  755  mm).  3.800  mg  substance:  0.777  ml  (23*,  750  mm). 

Found  N  23.13,  23.27.  CijHjjOjN,.  Calculated  N  22.95. 

Dehydration  of  the  S-ketol  (VI).  1.8  grams  of  the  ketol  (VI)  was  distilled  in  vacuo  with  0.08  g  of  p-toluene- 
sulfonic  acid.  About  1  gram  of  substance  was  distilled  at  30*  and  10  mm,  which  was  dried  and  redistilled  in  vacuo, 
yielding  about  0.2  g  of  vinyl  isobutyl  ketone  (VII)  (b.p.  29-30*  at  10  mm;  ntf  1.4280)  ^  yellow  liquid  with  an  acrid 
odor  and  strong  lachramatory  effect  [4]. 

When  reacted  with  semicarbazide,  this  vinyl  ketone  yielded  an  addition  product  with  a  m.p.  of  175-176* 

(from  alcohol). 

Hydrolysis  of  die  monoether  (M).  a)  13.3  grams  of  the  monoether  (III)  was  left  to  stand  overnight  at  room 
temperature  with  130  ml  of  3^  sulfuric  acid.  The  next  day  the  mixture  was  heated  to  70*  for  8  hours  and  on  a 
boiling  water  bath  for  2  hours.  A  tar  was  seen  to  form.  The  solution  was  then  saturated  with  potash  and  extracted 
with  ether,  the  etlier  extracts  being  dried  with  magnesium  sulfate. 

One  gram  of  crystals  of  the  hydroxypyrone  (IX)  settled  out  of  the  anhydrous  ether  solution  as  minute,  silky, 
white  needles  with  a  m.p.  of  158*  (from  chloroform). 

2.632  mg  substance;  5.635  mg  CO^;  2.000  mg  1^0.  5.638  mg  substance;  12.027  mg  CO^;  4.260  mg  K|0. 

Found  C  58.42,  58.21;  H  8.50,  8.45.  CrHaO,.  Calculated  C  58.38;  H  8.34. 

The  hydroxypyrone  (IX)  is  very  slightly  soluble  in  anhydrous  ether,  petroleum  ether,  benzene,  or  dioxane, 
but  freely  soluble  in  water,  ethyl  alcohol,  and  methanol. 

0.0486  g  substance;  18.7  ml  CH4(20*,  729.7  mm).  0.0662  g  substance;  26.2  ml  CH4(20*,  729.7  mm). 

Found  <fo:  OH  25.32,  26.0.  C7HiP(OH)i.  Calculated  OH  23.60. 

The  hydroxypyrone  (IX)  forms  no  semicarbazone  nor  does  it  decolorize  a  chloroform  solution  of  bromine  (0*). 

Driving  off  the  ether  yielded  about  5  g  of  liquid  hydrolysis  products,  which  yielded  1  g  of  the  ketoglycol 
(VIII)  described  above,  with  a  b.p.  of  97.5-98.5*  at  1  mm;  n^  1.4965;  and  2.5  g  of  a  low-boiling  product  of  unknown 
structure,  with  a  b.p.  of  57-58*  at  1  mm;  n\^  1.4624, 

6.753  mg  substance;  14.157  mg  CO^;  4,835  mg  HjO.  4.540  mg  substance;  9.517  mg  COj;  3.277  mg  HjO. 

Found  C  57.21,  57.21;  H  8.01,  8.07.  C7HUO5.  Calculated  ‘Jb;  C  58.38;  H  8.34. 
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b)  A  mixture  of  5.3  g  of  the  monoether  (HI)  and  100  ml  of  distilled  water  (the  two  forming  a  stable  emulsion) 
was  heated  on  a  boiling  water  bath  for  7  hours.  Driving  off  the  water  in  vacuo  yielded  3.5  g  of  a  thick  liquid,  from 
which  the  unsaturated  ketoglycol  (VIII)  was  isolated  as  a  thick,  nearly  colorless,  odorless  syrup  with  a  b.p.  of  103* 
at  2  mm  by  triple  distillation. 

ng  1.4995;  dj*  1.1081;  MRq  38.19;  calculated  37.13. 

7.165  mg  substance:  15.158  mg  COj;  5.350  mg  7.244  mg  substance:  15.373  mg  CQ|;  5.516  mg  HjO. 

Found  Ok  C  57.73,  57.91;  H  8.35,  8.52.  CrHaOj.  Calculated  "Jb-  C  58.38;  H  8.34. 

The  ketoglycol  (VIII)  rapidly  decolorized  a  chloroform  solution  of  bromine. 

Oxidation  of  vinyl  isobutyl  ketone  (Xj  by  alkaline  hydrogen  peroxide.  Synthesis  of  the  ketonic  ether  (V). 

The  vinyl  isobutyl  ketone  employed  in  these  experiments  was  prepared  by  splitting  methanol  out  of  l-methoxy-5- 
methylhexan-3-one  with  p-toluenesulfonic  acid  as  described  earlier  [7];  its  constants  were  as  follows:  b.p.  41-42* 
at  22  mm;  n§  1.4293. 

A  solution  of  95  g  of  vinyl  isobutyl  ketone  (X)  in  500  ml  of  dioxane  was  chilled  to  -6*,  and  220  ml  of  a  1&^ 
solution  of  hydrogen  peroxide  (1  mole)  and  10  ml  of  a  4  N  aqueous  solution  of  sodium  hydroxide  were  added  simul¬ 
taneously  bom  two  dropping  funnels  during  the  course  of  1  hour  20  minutes.  Continuous  stirring  and  chilling  with 
a  snow-salt  mixture  were  used  during  the  reaction.  Considerable  heat  was  evolved.  After  the  reagents  had  been 
added,  the  reaction  mixture  contained  5  g  of  hydrogen  peroxide  (35  g  of  having  been  added). 

The  residual  hydrogen  peroxide  was  decomposed  with  manganese  dioxide,  the  alkali  was  neutralized  with 
10^  sulfuric  acid,  the  precipiuted  sodium  sulfate  was  filtered  out,  the  solvent  was  driven  off  in  vacuo,  and  the 
products  were  extracted  with  ether,  dried  with  sodium  sulfate,  and  fractionated  in  vacuo.  This  yielded  69  g  of 
a  substance  with  a  b.p.  of  75-79”  at  22  mm,  further  fractionation  of  which  yielded  50  g  of  the  ketonic  ether  (V) 
described  above,  as  faintly  odorous,  colorless,  mobile  liquid  with  a  b.p.  of  77*  at  22  mm;  "•I  1.4303. 

6.468  mg  substance;  15.432  mg  CO^;  5.688  mg  HfO.  4.820  mg  substance;  11.654  mg  CO^;  4.350  mg  H^O. 

Found  ofi.  C  65.11.  65.02;  H  9.84,  9.95.  CtHhO,.  Calculated  ‘jbr  C  65.63;  H  9.37. 

10  grams  of  this  ketonic  ether  was  dissolved  in  40  ml  of  ethyl  alcohol  and  hydrogenated  with  a  palladium 
catalyst;  1.3  liters  of  hydrogen  was  absorbed  during  10  hours,  after  which  hydrogenation  was  stopped.  This  yielded 
3  g  of  the  6-ketol  (VI)  as  a  colorless  liquid. 

B.p.  73-73  5”  at  4  nun:  Up  1,4318. 

3.930  mg  substance:  9.340  mg  COf;  3.868  mg  H^O.  5.600  mg  substance;  13.248  mg  CQt;  5.448  mg  H^O. 

Found  oja^  C  64.85,  64.57;  H  11.0,  10.89.  C7H14P1.  Calculated C  64.62;  H  10.77. 

Reaction  with  2, 4-dinitrophenylhydiazine.  yielded  a  dihydiazone  as  yellow  crystals  with  a  m.p.  of  124” 

(horn  alcohol). 

4.035  mg  substance:  1.029  ml  Nj  (21",  735  mm).  5.010  mg  substance;  1.043  ml  Nj  (22",  736  mm). 

Found  <5b;  N  23.41,  23.33.  CuHjoOgNg.  Calculated  ojo^  N  22.95. 

Hydrolysis  of  the  ketonic  ether  (V).  19.5  g  of  the  ketonic  ether  (V)  was  boiled  for  20  hours  with  230  ml  of 
2^  sulfuric  acid.  A  layer  of  a  brown  liquid  formed  on  the  surface  of  the  water.  The  oily  layer  was  removed,  and 
the  solution  was  neutralized  with  sodium  bicarbonate  and  evaporated  in  vacuo.  The  product  was  extracted  with 
ether,  dried  with  magnesium  sulfate,  and  filtered,  after  which  the  ether  was  driven  off. 

4.718  mg  substance;  9.926  mg  CO*;  4.042  mg  HjO.  4.829  mg  substance;  10.172  mg  CO^;  4.060  mg  HjO. 

0.0748  g  substance;  27.7  ml  CH4(24*,  756  mm)  by  the  Chugaev-Tserevitinov  method. 

0.2235  g  substance;  16.0  g  dioxane;  At  0.444".  0.3238  g  substance;  16.0  g  dioxane;  At  0.657”. 

Found  ojoi  C  57.41,  57.48;  H  9.58,  9.41;  OH  25.48.  M  142,  145.  CyHtjCXOH),.  CalcuUted  <5^;  C  57.53; 

H  9.59;  OH  23.29;  M  146. 

3.5  grams  of  the  thinnest  silvery -white  flakes  of  the  ketonic  glycol  (XI)  settled  out  of  the  ether  solution; 
its  m.p.  was  71-72*  after  recrystallization  from  petroleum  ether. 

The  semicarbazone  of  the  ketoglycol  (XI)  was  not  found. 


Recovery  of  the  a~dlketone.(XIl).  The  separated  oily  layer  was  dissolved  in  ether  and  dried  with  magnesium 
sulfate.  The  ether  was  driven  off,  the  residue  distilled  in  vacuo;  yield  6  g  of  a  substance  vdth  b.p.  46<48*  at  20  mm. 

Distiilaiion  at  standard  pressure  yielded  5  g  of  the  a-diketone  (XII)  as  a  mobile  yellow  liquid  with  b.p,  138-139*. 

ng  1.411St  dl®  0.9135;  MRd  34.86.  Calculated  34.55. 

The  a-diketone  (XII)  readily  forms  a  dioxime;  lustrous  white  leaflets  with  m.p.  172-173*  (from  dilute  alcohol). 

3.985  mg  substance;  0.617  ml  N|  (25*.  744  mm).  4.005  mg  substance:  0.632  ml  N|  (25*.  743  mm). 

Found‘d;  N  17.36.  17.67.  C7Hi4piN,.  Calculated N  17.70. 

The  boiling  point  of  the  a-diketone  (XII)  is  given  as  138*  in  the  literature  [6],  its  dloxime  fusing  at  168*. 

Oxidation  of  ethyl  isobutenyl  ketone  (Xni)  with  alkaline  hydrogen  peroxide.  The  ethyl  isobutenyl  ketone  em  ¬ 
ployed  in  these  experiments  was  prepared  by  partially  hydrogenating  8,6-dimethyl  di vinyl  ketone  as  described 
previously  [7];  its  constants  were  as  follows:  146-147*;  1.4420. 

4  g  of  ethyl  isobutenyl  ketone  (XIU)  was  dissolved  in  55  ml  of  methanol  and  chilled  and  continuously  stirred 
while  9  ml  of  a  15  solution  of  hydrogen  peroxide  (1  mole)  and  2.5  ml  of  a  4  N  solution  of  sodium  hydroxide  were 
added  simultaneously  from  two  dropping  funnels  in  the  course  of  15  minutes.  Considerable  heat  was  evolved.  The 
reaction  mass  contained  0.4  g  of  hydrogen  peroxide  (1.35  g  of  hydrogen  peroxide  had  been  added  initially)  45  minutes 
after  the  reagents  had  been  added  to  the  reaction  mixture.  The  solution  was  neutralized  with  lOfJb  sulfuric  acid, 
the  excess  hydrogen  peroxide  was  decomposed  with  manganese  dioxide,  the  solution  was  diluted  with  twice  its 
volume  of  water,  and  the  products  were  extracted  with  ether.  The  ether  extracts  were  dried  with  magnesium  sul¬ 
fate,  the  ether  was  driven  off,  and  the  residue  was  distilled  in  vacuo.  This  yielded  a  small  amount  of  the  ketonic 
ether  (XIV)  as  a  colorless  liquid  with  b.p.  of  77-78*  at  21.5  mm;  ng  1.4315. 

4.560  mgsubstance:  10.792  mg  CO|;  3.900  mg  HjO.  4.460  mg  subsunce;  10.563  mg  CQi;  3.800  mg  HfO. 

Found  °}o:  C  64.58,  64.63;  H  9.57,  9.53.  C^HuO,.  Calculated  C  65.63;  H  9.37. 

The  ketonic  ether  (XIV)  does  not  form  a  semlcarbazone. 

In  addition  to  the  ketonic  ether  (XIV),  this  experiment  also  yielded  a  small  quantity  of  a  substance  with  b.p. 

63*  at  4  mm;  ng  1.4365,  which  was,  probably,  a  compound  that  was  isomeric  with  the  ketoglycol  as  had  been  the 
case  in  the  oxidation  of  mesityl  oxide  [1]. 

9.80  mg  substance;  21.12  mg  CO^;  8.51  mg  H|0.  20.49  mg  subsunce;  44.18  mg  CO^;  17.35  mg  H2O. 

Found  "jb;  C  58.61,  58.84;  H  9.71,  9.60.  CtHmOj.  Calculated  C  57.53-  H  9.59. 

This  product  was  not  investigated  any  further. 

SUMMARY 

When  one  molecule  of  alkaline  hydrogen  peroxide  is  reacted  with  6,6- dimethyl  di  vinyl  ketone  (I),  the 
oxygen  is  added  chiefly  at  the  unsubstituted  vinyl  group,  producing  a  AQ'^jo  yield  of  the  unsaturated  monoether  (DI). 
Hydrogenation  of  the  monoether  (DI)  yields  the  saturated  ketonic  ether  (V),  which  was  also  synthesized,  with  a 
yield  of  60‘^,  by  oxidizing  vinyl  isobutyl  ketone  with  alkaline  hydrogen  peroxide. 

Exhaustive  hydrogenation  of  the  monoether  (DI)  widi  a  palladium  catalyst  ruptures  the  oxide  ring  and  yields 
the  64<etol  (VI),  which  was  also  synthesized  by  hydrogenation  of  the  ketonic  ether  (V).  Hydrolyzing  the  unsaturated 
monoether  (DI)  with  3^  sulfuric  acid  yields  2,2-dimethyl-6-hydroxytetrahydto-4-pyrone  (IX),  while  hydrolysis  with 
water  yields  the  unsaturated  ketoglycol  (Vni).  When  the  ketonic  ether  (V)  is  heated  with  2%  sulfuric  acid,  the  nor¬ 
mal  hydrolysis  reaction  and  the  formation  of  the  ketoglycol  (XI)  are  paralleled  by  the  isomerization  of  the  ketonic 
ether  (V)  to  the  well4tnown  a  -^iiketone  (XD).  As  in  the  case  of  mesityl  oxide,  the  oxidation  of  ethyl  isobutenyl 
ketone  (XID)  with  alkaline  hydrogen  peroxide  is  a  less  smooth  reaction,  a  low  yield  of  the  ketonic  ether  (XIV) 
being  produced. 
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DERIVATIVES  OF  ACETYLENE 


133  SYNTHESIS  OF  POLYCYCLIC  COMPOUNDS  RELATED  TO  THE  STEROIDS 
X.  THE  DIENE  CONDENSATION  OF  2-METHOXY-l, 3-BUTADIENE  WITH  CYCLOHEXEN-6-ONE 


I.  N.  Nazarov  and  L.  D.  Bergelson 


In  one  of  our  preceding  reports  [1]  we  described  the  diene  condensation  of  2^nethoxy-i,3-tutadiene  with  1- 
methyl-A^  -cyclohexen-  6-one,  which  resulted  in  the  complete  synthesis  of  the  stereoisomer  (I)  or  of  the  structural 
iosmer  (II)  of  A*’®  -15-methylandrostene^,n-dlone; 


We  were  interested  in  effecting  a  similar  condensation  of  2‘methoxybutadiene  (III)  with  <2?  -  cyclohexen-6-one  (IV) 
since  the  resultant  cis-6-methoxyoctalone  (V)  is  not  only  a  model  compound  enabling  one  to  study  the  stereochem¬ 
ical  behavior  patterns  of  diene  condensation,  but  might  also  serve  as  an  intermediate  in  the  synthesizing  of  nor- 
steroid  compounds  with  c^  and  trans  configurations  of  the  A/B^  rings. 


Like  the  condensations  with  other  a,  0 -unsaturated  cyclic  ketones,  a  satisfactory  yield  can  be  obtained  in 
the  condensation  of  the  methoxybuwdiene  (III)  with  A^-cyclohexen-6-one  (IV)  only  at  190-200*  in  a  solution  con¬ 
taining  a  large  excess  of  the  ketone,  since  the  predominant  reaction  is  the  dimerization  of  the  methoxybuudiene 
when  the  conditions  are  milder  or  the  dilution  is  insufficient.  It  is  also  advisable  to  carry  out  the  reaction  in  an 
atmosphere  of  nitrogen  or  carbon  dioxide  with  antioxidants  present.  Under  these  conditions  the  yield  of  6^neth- 
oxyoctalone  (V)  may  be  made  as  high  as  15-202  ,  based  on  the  reacted  cyclohexenone. 

As  with  other  enolic  ethers,  methoxyoctalone  (V)  is  hydrogenated  in  ether  only  when  a  Pd  catalyst  is  present, 
being  converted  then  into  6-methoxydecalone  (VI).  Hydrolysis  of  the  cis-  methoxyoctalone  (V)  with  dilute  solu¬ 
tions  of  mineral  acids  produces  a  nearly  quantitative  yield,  even  in  the  cold,  of  the  crystalline  cis-l,6-diketo- 
decalin  (VII)  (see  Scheme  A  on  following  page). 

The  action  of  an  alkali  upon  cis-methoxyoctalone  (V)  readily  isomerizes  it  to  trans-methoxyoctalone  (VIII), 
which  is  hydrolyzed  by  dilute  mineral  acids  to  the  high-melting  trans- 1,6-diketodecalin  (IX).  This  same  diketone 
may  be  prepared  from  the  low-melting  cis-l,6’diketodecalin  (VII)  by  heating  the  latter  with  an  alcoholic  alkali 
(see  Scheme  B  on  following  page). 

The  rules  established  by  Huckel  [2]  for  the  a  -  decalone  series  indicate  that  the  low-melting  diketodecalin 
(Vn)  and  the  corresponding  methoxyoctalone  (V),  as  well  as  the  methoxydecalone  (VI),  must  have  cis  configurations. 
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Scheme  A 


The  high  melting  diketone  (IX)  and  methoxyoctalone  (VIII)  must,  accordingly,  be  trans  isomers.  It  is  worthy  of 
note  that  the  isomeric  1,6-diketodecalins  (VII)  and  (IX)  yield  the  same  disemicarbazone  of  the  trans  isomer.  An 
analogo..s  phenomenon  has  been  observed  in  similar  cases  [2,3,4], 

In  1937  Alder  and  Stein  [5]  advanced  the  hypothesis,  on  the  basis  of  thei.t  Investigation  of  the  diene  conden¬ 
sation  of  butadiene  with  benzoquinone  and  of  cyclopentadiene  with  maleic  anhydride,  that  the  diene  synthesis  al¬ 
ways  results  in  a  addition  compound.  In  the  present  paper,  we  prove  for  the  first  time  that  this  postulate  also 
applies  to  diene  condensations  with  a,d-unsai.uraied  cyclic  ketones. 

These  findings  ofouisalso  indicate  that  the  A/B  and  C/D  rings  in  the  steroid  compounds  (I,  X,  XI,  and  XII) 
synthesized  in  our  laboratory  by  diene  condensations  are  joined  together  in  the  cis  position  [1,6,7]; 


In  contrast  to  other  cyclic  ketones,  the  methoxyoctalone  (V)  Is  condensed  only  with  difficulty  with  acetyl¬ 
ene  when  powdered  potassium  hydroxide  is  present,  only  a  minute  yield  of  1 -ethynyl-G-methoxyoctalol  (XIII) 
being  obtained.  This  acetylenic  metho:)tyoctalol  can  be  hydrolyzed  in  the  cold  by  dilute  mineral  acids,  yielding 
the  acetylenic  kecodecalol  (XIV). 


We  propose  to  utilize  the  acetylenic  alcohols  (XIII)  and  (X!V)  to  synthesize  compounds  with  the  skeleton 
of  lO  -norandrostane. 


EXPERIMENTAL 

Diene  condensation  of  2-methoxy“l,3-batadiene  with  A^-cyclohexen-6-one.  These  experiments  were  per¬ 
formed  in  a  metallic  ampoule  in  an  atmosphere  of  nitrogen  or  carbon  dioxide.  Vacuum  fractionation  was  per¬ 
formed  in  a  current  of  anhydrous  air. 

a)  86  g  of  the  ^  -cyclohexenone  was  heated  with  28  g  of  2-methoxybutadiene  to  190-200“  for  5  hours. 
Fractionation  yielded  55  g  of  the  initial  cyclohexenone,  7.3  g  of  the  dimer  of  2-methoxybutadiene  [8],  and  16  g 
of  condensation  products  with  a  b.p.  of  120-139“  at  4  mm.  Refractionation  of  the  last  fraction  yielded  8.5  g  of 
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A*  -cis  -  6  -  methoxy^l-octalone  (V)  as  a  viscous  yellow  oil  with  a  faint  camphor  odor,  a  b.p.  of  96-98''  at  0,1  mm, 
and  of  129.5~1?.2‘  a'  4  mmi  nfj  1.5063. 

b)  ' ,  j-t  the  A^-cyc.iohexenone  was  heated  to  185-190®  for  25  hours  with  10  g  of  2-methoxybutadiene  in  15, 
ml  oJ  absolute  diox^ne.  Fiacrionation  yielded  30  g  of  the  Initial  cyclohexenone,  3.5  g  of  the  dimer  of  the  metho*<y 
butadiene,  and  2.8  g  of  the  methoxyoctalone  (V)  with  a  b.p.  of  128-132®  at  4.5  nun;  1.5040. 

Analysis  of  the  A*’-cis*6  TOethoxy-l-octalone  (V)  (from  Experiment 

7.875  mg  substance;  21.228  mg  COjs  6.097  mg  1^0.  4.575  mg  substance;  12.297  mg  COj;  3.540  mg  H|0. 

Found  <7o:  C  73.5,  73.3j  H  8.7,  8.7.  CnHigPi.  Calculated  C  73.3;  H  8.9. 

When  the  methoxyoctalone  was  reacted  with  semicarbazide  acetate  in  absolute  methanol,  the  water  evolved 
saponified  the  vinyl  ether,  the  monosemicarbazone  of  trans-l,6-diketodecalin  (IX),  m.p.  227®  (from  alcohol) 
settling  out. 


3.560  mg  substance;  0.584  ml  Nj  (20®,  749  mm).  3.210  mg  substance;  0.523  ml  Nj  (20®,  748  mm). 

Found  N  18.8,  18.7;  CuH^OiN,.  Calculated ‘jSr:  N  18.8. 

Hydrogenation  of  cis- A*-6-methoxy-l-octalone  (V).  2.4  g  of  the  6^nethoxyoctalone  was  hydrogenated  in  ab¬ 
solute  ether  with  a  Pd  catalyst,  245  ml  of  hydrogen  beit%  absorbed  in  8  hours  (280  ml  called  for  theoretically). 
Fractionation  yielded  2.1  g  of  cis-6-methoxy-l-decalone  (VI);  b.p.  124®  at  5  mm;  1.4987. 

5.878  mg  substance;  15.700  mg  COj;  5.257  mg  HjO.  5.112  mg  substance;  13.650  mg  CO^;  4.565  mg  H|0. 

Found  <7o;  C  72.9,  72.8;  H  10.0,  10.0.  CuHjA-  Calculated  C  72.5;  H  10.0. 

Practically  no  hydrogen  was  absorbed  when  the  6-methoxyoctalone  (V)  was  hydrogenated  in  ethyl  alcohol 
with  a  Pd  catalyst. 

Hydrolysis  of  cis  -  A^-6-methoxy-l-octalone  (V).  5  g  of  the  methoxyoctalone  (V)  was  agitated  for  3  hours  at 
room  temperature  with  20  ml  of  3<|i()  hydrochloric  acid.  The  mixture  was  then  saturated  vrith  ammonium  chloride 
the  organic  layer  being  removed,  the  aqueous  layer  extracted  with  ether,  and  the  combined  ether  solutions  neutral¬ 
ized  with  a  5^  soda  solution  and  dried  with  magnesium  sulfate.  Driving  off  the  ether  left  behind  a  solid  mass.  Re- 
crystallization  from  benzene  yielded  3.9  g  of  cis-l,6-<iiketodecalin  (VII)  as  colorless  lamellar  crystals  with  a  m.p. 
of  87-88®. 

3.710  mg  substance;  9.812  mg  COj;  2.820  mg  HjO;  6.698  mg  substance;  17.662  mg  CO^;  5.090  mg  HjO. 

Found  C  72.2,  72.0;  H  8.5,  8.5.  CioHj^pi.  Calculated  C  72.3;  H  8.5. 

The  disemicarbazone  of  the  synthesized  diketone  was  insoluble  in  organic  solvents.  After  havii^  been  washed 
repeatedly  with  ether  and  alcohol  it  fused  with  decomposition  at  243-244®  (in  a  sealed  capillary). 

3.180  mg  substance;  0.828  ml  Nj  (19®,  744  mm).  3.750  mg  substance;  0.982  ml  (21®,  749  mm). 

Found  <7o;  N  29.8,  30.0.  CjjHioOjNe.  Calculated  <7o ;  N  30.0. 

Isomerization  of  cis-l,6-diketodecalin  (VII).  0.4  g  of  cis-1, 6-diketodecalin  (m.p.  87®)  was  heated  to  a  boil 
with  35  ml  of  10%  alcoholic  alkali  for  3  hours.  Most  of  the  alcohol  was  driven  off,  and  the  residue  diluted  with 
water  and  extracted  with  ether,  the  ether  extract  being  neutralized  with  acetic  acid  and  dried  with  magnesium 
sulfate.  Driving  off  the  ether  left  behind  0.25  g  of  the  acicular  crystals  of  trans-1, 6-diketodecalin  (IX),  which  had 
a  m.p.  of  125-126®  after  recrystallization  from  benzene, 

4.300  mg  substance;  11.380  mg  CO^;  3.320  mg  1^0.  5.290  mg  substance;  14.050  mg  COj;  4.100  mg  1^0. 

Found  %v  C  72.2,  72.4;  H  8.6,  8.6.  CioHi^ft.  Calculated  %;  C  72.3;  H  8.5. 

The  disemicarbazone  of  trana-l, 6-diketodecalin  (IX)  fused  at  243®  with  decomposition.  The  mixed  melting 
point  with  the  disemicarbazone  prepared  from  the  cis-diketodecalin  (VII)  showed  no  depression. 

Isomerization  of  cis-A^-6--methoxy-l-octalone  (V).  Trans-A*-6-methoxy-l-octalone  (VIII)  was  recovered  in 
one  of  our  attempts  to  condense  the  cis-methoxyoctalone  (V)  with  acetylene  in  the  presence  of  powdered  potassium 
hydroxide. 

8  grams  of  the  cis-methoxyoctalone  (V)  was  placed  in  40  ml  of  absolute  ether,  and  4  g  of  powdered  potassium 
hydroxide  and  80  ml  of  ether,  previously  chilled  to  -15®  and  saturated  with  acetylene,  were  added  drop  by  drop  in 
a  cunent  of  acetylene  during  the  space  of  one  hour  and  a  half.  Acetylene  was  passed  through  for  another  hour  and  a 
half  with  chilling  ana  stirring,  and  then  for  two  more  hours  at  room  temperature.  10  ml  of  water  was  added  to  the  • 
mixture,  the  ether  was  separated,  the  aqueous  layer  extracted  with  ether,  and  the  combined  ether  solutions 
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neutralized  by  passing  carbon  dioxide  through  and  then  dried  with  potash.  Fractionation  yielded  5.4  g  of  trans-A*- 
6-methoxy-l-octalone  (VIII),  with  a  b.p.  of  123"  at  4.5  mm;  n”  1.5010. 

4.130  mg  substance:  11.112  mg  COj;  3.225  mg  HjO.  5.177  mg  substance:  13.895  mg  CO*;  4.020  mg  HjO. 

Found  ojo:  C  73.4,  73.3;  H  8.7,  8.7.  CuHiA-  Calculated  <7o:  C  73.3;  H  8.9. 

5  grams  of  the  trans^-methoxy-l-octalone  was  agitated  for  3  hours  with  20  ml  of  2Plo  hydrochloric  acid.  Then 
the  mixture  was  saturated  with  ammonium  chloride  and  extracted  with  ether,  and  the  ether  solution  neutralized  with 
a  ffijo  soda  solution  and  dried  with  magnesium  sulfate.  Driving  off  the  ether  left  behind  4.2  g  of  colorless  crystals 
that  fused  at  124-125*  (from  benzene).  The  mixed  melting  point  with  trans-l,6-diketodecalin  exhibited  no  depression. 

Condensation  of  cis-A^  -  6  -  methoxy-l-octalone  (V)  with  acetylene.  A  solution  of  3  g  of  the  cis-6-methoxy- 
oculone  (V)  in  10  ml  of  absolute  ether  was  added,  with  vigorous  stirring,  in  a  current  of  acetylene  during  the  course 
of  2  hours  to  a  mixture  of  2.3  g  of  powdered  potassium  hydroxide  and  20  ml  of  ether  that  had  been  previously 
chilled  to  —15*  and  saturated  with  anhydrous  acetylene.  The  acetylene  was  then  passed  through  for  2  hours  while 
the  mixture  was  chilled,  and  for  12  hours  the  next  day  at  room  temperature.  10  ml  of  water  was  added  to  the 
solidified  mixture,  the  ether  layer  was  separated,  the  aqueous  layer  extracted  with  ether,  and  the  combined  ether 
solutions  neutralized  by  passing  through  carbon  dioxide,  dried  with  potash,  and  vacuum-fractionated  in  a  current  of 
anhydrous  nitrogen  This  yielded  1.0  g  of  1 -ethynyl-G^nethoxy-l-octalol  (XIII)  (b.p.  112-115*  at  0.05  mm)  as  a 
thick  colorless  mass  that  slowly  crystallized  upon  standing  and  yielded  a  white  precipitate  with  ammoniacal  silver 
nitrate.  After  recry stallizadon  from,  petroleum  ethei  the  crystals  had  a  m.p.  of  62-64,5*,  the  m.p.  rising  to  69-71* 
after  drying  in  vacuo  over  phosphoric  anhydride  (they  totaled  0.6  g). 

4.310  mg  substance;  11.947  mg  COj;  3.510  mg  HjO.  5.880  mg  substance;  16.240  mg  CQj;  4,790  mg  HjO. 

Found '5b;  C  75.6,  75.4;  H  9.1,  9.1.  CuHigOj  Calculated  C  75.7;  H  8.8. 

Hydrolysis  of  A^-l-ethynyl"6-methoxy  “l“Octalol  (XIII).  The  mother  liquor  left  after  the  recry. stallization  of 
the  acetylenic  alcohol  (XIII)  was  agitated  for  3  hours  at  room  temperature  with  10  ml  of  2Plo  hydrochloric  acid.  The 
mixture  was  then  saturated  with  ammonium  chloride  and  extracted  with  ether,  the  ether  layer  being  neutralized 
widi  a  ^  soda  solution  and  dried  with  magnesium  sulfate.  After  the  ether  had  been  driven  off,  a  solution  of  semi- 
carbazide  acetate  in  methanol  (a  threefold  excess)  was  added  to  the  residue.  The  semicarbazone  that  settled  out 
after  15  days  .was  separated  in  a  soluble  fraction  and  a  fraction  that  was  insoluble  in  hot  methanol.  The  methanol- 
insoluble  crystals  hrsed  at  239-241®  in  a  sealed  capillary  (with  decomposition),  their  mixed  melting  point  with  the 
disemicarbazone  of  the  1,6-diketodecalin  exhibiting  no  depression.  The  crystals  of  the  soluble  fraction,  which  had 
a  m.p.  of  251“253^  (with  decomposition)  after  recrystallization  from  alcohol,  were  the  semicarbazone  of  1-ethynyl- 
6-ketodecalol  (XIV). 

3.200  mg  substance;  0.478  ml  Ni  (20*,  740  mm).  3.200  mg  substance;  0.473  ml  N*  (19*,  740  mm). 

Found ‘5b;  N  17.0,  16,8.  CisHigOjNj.  Calculated ‘5b;  N  16.9. 

SUMMARY 

1 .  A^-6-  Methoxy-l-octalone  (V),  an  intermediate  product  in  the  preparation  of  steroid  compounds  with  the 
skeleton  of  10-norandrostane.  has  been  synthesizedo 

2.  It  has  been  shown  that  the  diene  condensations  with  a,  6 -  unsaturated  ketones  result  in  ch  addition 
compounds. 
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DERIVATIVES  OF  ACETYLENE 


134,  THE  CONDENSATION  OF  TEIRAMEIHYLBUTYNEDIOL  AND  2,5  OIMETHYX“l^“ 

HEXADIEN m3-Y  NE  WITH  PHENOL  IN  THE  PRESENCE  OF  PHOSPHORIC  ACID 

I.  N.  Nazaiov  and  A.  I.  Kakhniash vill 

The  condensation  of  phenol  and  of  the  caresols  vdth  acetylenic  and  'tdnyl  acetylenic  alcohols  was  investigated 
for  the  first  time  by  I.  N.  Nazaiov  and  bis  associates  [1].  The  condensation  was  effected  in  the  presence  of  phos^- 
phoric  acid,  producing  a  yield  of  some  50  <^1)  of  para-substiLtuted  phenols  and  cresols  of  the  acetylenic  and  vinyl- 


R  =  H  or  CHj. 


The  same  products  are  secured  by  condensing  phenol  and  die  c.vesols  with  the  respective  unsaturated  hydro¬ 
carbons  produced  by  dehydrating  the  acetylenic  and  vinyiacetylenic  alcohols.  The  condensation  of  acetylenic  and 
vinyiacetylenic  alcohols  with  p-cresol  results  in  the  formation  of  an  in;;ermediase  ortho-substituted  cresol  of  acetyl¬ 
enic  or  vinyiacetylenic  structure,  which  is  cyclized  completely  to  methylene- or  allylidenecoumarans  under  the 


We  were  also  interested  in  investigating  the  condensation  of  phenols  with  acetylenic  glycols,  and  we  used  for 
this  purpose  the  simplest  represematives  of  primary  and  tertiary  acetylenic  % -glycols —tetramethylbutynediol  (I) 
and  2-butyne“l,4-diol  (IQ), 

Condensing  phenol  with  tetramethylbutynediol  (I)  at  45^0‘'  in  the  presence  of  phosihoac  acid  yielded  two 
phenolic  products,  which  proved  to  be  2,5“dimethyl“5“p-  hydrosyphenyi  -l-hexen-S  y  ne  (IV)  and  2,2, 5,5  tetramethyl-a-p- 
hydroxyphenyl-A*  -dihydrofuran  (XI)r 
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when  the  vinylacetylenic  phenol  (IV)  was  hydrogenated  with  a  Pd  catalyst,  it  absorbed  the  three' molecules 
of  hydrogen  called  for  by  the  theory,  yielding  2, 5-dime  thy  1-5-  p-hydxoxyphenylhexane  (VI).  Methylating  the  vinyl- 
acetylenic  i^enol  (IV)  with  dimethylsulfate  yielded  its  methyl  ester  (VII),  while  reacting  the  vinylacetylenic  phenol 
(IV)  with  chloroacetic  acid  yielded  the  corresponding  crystalline  phenoxyacetlc  acid  (Vni).  The  structure  of  the 
vinylacetylenic  phenol  (IV)  was  conclusively  proved  by  oxidizing  its  methyl  ester  (VII)  with  permanganate.  This 
yielded,  in  addition  to  formic  and  acetic  acids,  a  high  yield  of  dimethyl-p-methoxyphenylacetic  acid  (IX),  whose 
mixed  melting  point  with  a  known  sample  exhibited  no  depression.  It  mi^t  have  been  thought  that  the  condensing 
of  phenol  with  tetramethylbutynediol  would  yield  an  acetylenic  diphenol  (V)  in  addition  to  the  vinylacetylenic 
phenol  (IV),  but  we  have  not  been  able  to  isolate  that  compound.  The  furanic  phenol  (XI)  is  most  likely  formed  by 
the  addition  of  phenol  at  the  triple  bond  of  the  tetramethylbutynediol,  followed  by  cyclization  of  the  resultant  in¬ 
termediate  ethylenic  glycol  (X); 


(X)  (XI) 


Zalkind  and  his  co-workers  [2]  have  observed  a  similar  trend  of  the  reaction  when  phenol  was  condensed  with  tetra- 
phenylbutynediol. 

When  the  furanic  phenol  (XI)  is  methylated  with  dimethyl  sulfate,  we  get  its  methyl  ester  (XII),  the  oxidation 
of  which  with  permanganate  yields  acetone,  formic  acid,  and  anisic  acid,  which  was  identified  by  its  mixed  melting 
point  with  a  known  sample* 


(Xn) 
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When  phenol  was  condensed  with  2,5-dimethyl-l,5’liexadien‘fl“yne  (II)  under  the  condldons  specified  above, 
all  we  got  was  the  vinylacetylenlc  phenol  (IV),  none  of  the  furanic  phenol  (XI)  being  formed,  which  bears  out  the 
mechaihsm  prop.-'ss.d  above  foi  its  formation.  Nor  were  we  able  to  secure  the  acetylenic  diphenol  (V)  during  this 
condensaiioii,  whiv  h  might  have  been  formed  by  the  condensation  of  the  dienyne  (II)  with  two  molecules  of  phenol. 

Thus,  the  condensation  of  phenol  with  tetramethylbutynediol  (I)  in  the  presence  of  phosphoric  acid  follows 
two  lines;  1)  dehydration  of  the  acetylenic  glycol  (I)  to  a  dienyne  (11),  followed  by  condensation  of  this  dienyne 
with  phenol  into  the  para-substituted  vinylacetylenlc  phenol  (IV);  and  2)  the  addition  of  phenol  at  the  triple  bond 
of  the  acetylenic  glycol  (I)  followed  by  cycUzation  of  the  ethylenic  glycol  (X)  to  the  furan  compound  (XI).  The 
first  reaction  line,  resulting  in  formation  of  the  vinylacetylenlc  idienol  (IV),  predominates. 

We  have  secured  a  crystalline  phosphorus-containing  product  (Xin)(m.p.  137-139*)  from  the  alkaline  ex¬ 
tracts  of  the  condensation  products  of  phenol  with  the  acetylenic  glycol  (I)  and  with  the  dienyne  (II),  the  analysis 
of  this  product  indicating  that  it  was  a  double  compound  of  sodium  phosphate  hydrate  with  the  vinylacetylenlc 
phenol  (IV); 


All  our  attempts  to  condense  phenol  with  butynediol  (III)  met  with  failure,  notwithstanding  the  wide  range  of  ex¬ 
perimental  conditions  employed.  When  gentle  conditions  were  used  (45-50*  and  phosphoric  acid  with  a  sp.  gr.  of 
1.7) ,  all  the  phenol  and  much  of  fire  butynediol  were  recovered  unchanged,  while  when  the  conditions  used  were 
severe  (60-80*  and  a  phosphoric  acid  of  1,82  sp.  gr.),  nearly  all  the  butynediol  turned  Into  tar.  These  results  indi¬ 
cate  that  phenol  can  be  condensed  with  tertiary  acetylenic  glycol  much  more  easily  than  with  primary  compounds, 
as  has  also  been  observed  in  the  condensation  of  i^enols  with  saturated  alcohols  and  glycols. 


Lastly,  we  tried  to  condense  phenol  with  tetramethylbutenediol  (XIV)  and  tetramethyldihydrofuran  (XV),  but 
no  condensation  products  at  all  were  obtained. 


When  the  ethylenic  glycol  (XIV)  is  heated  with  phenol  in  the  presence  of  an  acid  (phosphoric  or  sulfuric),  it  is 
readily  converted  into  the  dihydrofuran  (XV),  which  is  either  recovered  unchanged  or  turns  into  tar.  In  this  connect¬ 
ion,  it  is  worthy  of  note  that  tetramethylbutanediol  (XVI)  and  the  corresponding  furan  (XVII)  and  diene  (XVIII)  con¬ 
dense  readily  with  benzene  and  the  phenols  in  the  presence  of  aluminum  chloride,  sulfuric  acid,  or  boron  tri¬ 
fluoride,  yielding  bicyclic  and  tricyclic  compounds  (methylated  tetralins  and  indans,  and  the  corresponding 
phenolic  compounds)  [3]. 


CH, 


OH 


V- 

CH, 


CH, 

CH,-CH2-C<" 

^CH,  CH 


-CHa 

CH, 


(XVI) 


(XVII) 


CH, 


H, 

-CH,-CH,- 


(XVIH) 


EXPERIMENTAL 

Tetramethylbutynediol  (I)  was  prepared  by  condensing  acetylene  with  acetone  in  the  presence  of  powdered 
potassium  hydroxide;  its  m.p.  was  92"^*.  The  2,5-dimethyl-l,5-hexadien-3-yne  was  prepared  by  dehydrating 
tetramethylbutynediol  with  p-toluenesulfonic  acid;  its  b.p.  was  124-126*;  n^  1.4874. 

Condensation  of  tetramethylbutynediol  with  phenol  in  the  presence  of  phosphoric  acid.  71  g  of  tetramethyl¬ 
butynediol  (I)  was  gradually  added  at  50*,  with  continuous  stirring,  to  a  mixture  of  47  g  of  freshly  distilled  phenol 
and  26  ml  of  phosphoric  acid  (sp.  gr.  1.704).  The  mixture  was  stirred  at  45-55*  for  15  hours.  After  it  cooled,  the 
product  was  extracted  with  ether,  the  ether  extract  being  washed  with  water  and  then  several  times  with  a  10*^ 
solution  of  sodium  hydroxide  to  extract  the  acid  reaction  products.  The  alkaline  extracts  were  combined  and 
acidulated  with  dilute  hydrochloric  acid,  and  the  product  was  extracted  with  ether.  The  ether  solution  was  dried 
with  potash,  and  after  the  ether  had  been  driven  off,  the  residual  acid  products  were  distilled  in  vacuo  in  an  atmosphere 
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of  nitrogen.  This  yielded  18  g  of  the  unreacted  lAenol  (b.p.  62-68*  at  4  mm),  22  g  of  the  substituted  vinylacetylenlc 
phenol  (IV)  (b.p.  132-138*  at  4  mm;  1,5505),  and  10  g  of  the  furanic  phenol  (XI)  (b.p.  152-162*  at  3  mm; 
np  1.5456).  The  polymer  residue  left  after  fractionation  of  the  acid  products  totaled  22  g. 

Fractionation  of  the  ether  solution  containing  the  neutral  products  yielded  2  g  of  2,5-dimethyl-l,5-hexadien- 
3-yne,  (II),  with  a  b.p.  of  44-48*  at  43  nun  and  123-124*  at  atmospheric  pressure;  n^  1.4872.  We  also  secured 
2,7  g  of  a  mixture  of  high-boiling  neutral  products  (b.p.  72-150*  at  6  nun),  which  was  not  analyzed  further.  The 
polymer  residue  left  after  fractionation  of  the  neutral  products  totaled  10  g. 

Analysis  of  the  vinylacetylenlc  phenol  (IV).  After  the  vinylacetylenlc  phenol  (IV)  had  been  refractionated 
it  was  a  yellowish  liquid  with  a  b.p.  of  126-129*  at  2  nun; 

ng  1.548;  4®  0.9956;  MRp  63.8;  calculated  62.32. 

6.500  mg  substance;  19.942  mg  CO^;  4.880  mg  1^0.  5.810  mg  substance;  17.754  mg  COt;  4.411  mg  1^0. 

0.1866  g  substance^,  22.28  g  benzene-  At  0.213".  0.2162  g  substance;  22.28  g  benzene;  At  0.233*. 

Found  o]oz  C  83.72,  83.5;  H  8.40,  8.49;  U  200.5,  210.4.  CuHnjO.  Calculated  ;  C  84.0;  H  8.0;  M  200. 

0.0829  g  substance;  12  ml  (21“,  730  nun).  Found  <55);  OH  8.36.  Cj^Hjj|OH.  Calculated ‘5b;  OH  8.5. 

The  vinyiacetylenic  phenol  (IV)  distilled  without  decomposition  in  a  nitrogen  atmosphere  and  dissolved  in 
a  10‘5bsolution  of  sodium  hydroxide,  alcohol,  ether,  acetone,  chloroform,  or  benzene..  It  did  not  react  with  ferric 
chloride  in  either  an  aqueous  or  an  alcoholic  medium. 

Analysis  of  the  furanic  phenol  (XI):  The  fraction  with  a  b.p.  of  152-162"  at  3  nun  began  to  crystallize 
within  a  few  days.  RecrystaUization  of  the  product  from  ligroin  yielded  white  crystals  of  the  furanic  phenol  (XI) 
with  a  m.p.  of  76-77",  which  were  soluble  in  a.lcohol,  ether,  petroleum  ether,  chloroform,  and  alkali. 

4.230  mg  substance;  11.979  mg  CO^;  3.316  mg  H(0.  4.012  mg  substance;  11.358  mg  COj;  3.081  mg  H^O. 

Found  ‘5b;  C  77.3,  77.26;  H  8.77,  8.63.  CuHuO^.  Calculated  ‘5b;  C  77.06,  H  8.25. 

The  liquid  portion  of  the  substance  was  redistilled  (b.p.  156-160*  at  3  nun)  and  analyzed; 

6.675  mg  substance;  19.002  mg  COji  5.150  mg  HjO.  7.285  mg  substance;  20.705  mg  CO|;  5.523  mg  1^0. 

0.1696  g  substance;  15.33  g  benzene;  At  0.25*.  0.0796  g  substance;  15.94  g  benzene;  At  0.116*. 

Found  ‘5b;  C  77.68,  77.58;  H  8.63,  8.48.  M  225.6,  219.5.  CuHuO^.  Calculated  <70*  C  77.06;  H  8.25;  M  218. 

Condensation  of  the  vinyiacetylenic  phenol  (IV)  with  chloroacetic  acid.  1  g  of  the  substimted  phenol  (IV) 
was  dissolved  in  10  ml  of  a  10‘5b  solution  of  sodium  hydroxide,  1.5  g  of  chloroacetic  acid  was  added,  ^uod  the  mix¬ 
ture  was  heated  on  a  boiling  water  bath  for  1.5  hours.  Then  the  liquid  was  acidified  and  extracted  with  ether, 
the  ether  extract  being  washed  with  a  weak  soda  solution,  and  the  resultant  alkaline  extract  acidulated  with  dilute 
sulfuric  acid.  The  precipitated  acid  (Vni)  was  filtered  out;  its  m  p.  was  80-81.5*  after  lecrystallization  from 
aqueous  alcdiol. 

6,480  mg  substance;  17.769  mg  CO^;  4.173  mg  6.309  mg  substance;  17.226  mg  COj;  4.000  mg  HjO. 

0.0436  g  substance;  17  ml  0.01  N  NaOH;  0.0186  g  subsunce;  7.5  ml  0.01  N  NaOH, 

Found  ‘5b:  C  74.83,  74.52;  H  7.25,  7.09.  M  256.4,  248.  Ci^Hj/Dj  Calculated  ‘5b:  C  74.42;  H  6.98.  M  258. 

Condensation  of  2,5-dimethyl-1.5“hexadlen:^-yne  with  phenol.  19  g  of  2,5-dimethyl-l,5-hexadien-3-yne  was 
added  drop  by  drop,  with  consunt  stirring,  at  50*  to  a  mixture  of  18  g  of  phenol  and  11  ml  of  phosphoric  acid 
(sp.  gr.  1.71).  The  liquid  was  heated  to  45-60”  for  15  hours  and  then  processed  as  in  the  preceding  experiment. 

The  acid  reaction  products  yielded  6.5  g  of  unieacted  idienol  (b.p.  60-65*  at  4  nun)  and  7.5  g  of  the  substituted 
vinyiacetylenic  phenol  (IV)  with  a  b.p.  of  126-129*  at  2  mm  (the  polymer  residue  totaling  12  g).  The  product  of 
the  reaction  of  this  phenol  with  chloroacetic  acid  had  a  melting  point  of  80-81*,  and  its  mixed  melting  point  with 
the  preceding  sample  exhibited  no  depression. 

The  ether  solution  of  the  neutral  products  yielded  1  g  of  the  initial  substance  (b.p.  45-49*  at  4  mm)  and  1  g 
of  a  substance  with  a  b.p.  of  105-146*  at  5  nun;  1.5407.  The  polymer  residue  touled  1  g. 

A  crystalline,  phosphorus-containing  substance  could  be  recovered  from  the  condensation  products  of  phenol 
with  both  the  teuamethylbutynediol  (I)  and  the  dienyne  (II)  by  the  following  procedure;  The  ether  solution  of  the 
condensate  was  extracted  with  alkali,  and  the  alkaline  solution  was  acidulated  with  a  dilute  solution  of  hydro¬ 
chloric  acid,  the  resulting  oily  substance  being  separated  horn  the  water  and  a  small  amount  of  ether  added  to  it. 
White  crystals  settled  out,  which  had  a  m,p.  of  137-139"  (with  decomposition)  after  recrysulUzation  from  aqueous 
alcohol.  When  the  substance  was  calcined,  a  mineral  residue  was  left  behind;  reacting  an  aqueous  solution  of 
this  residue  with  uranyl  yielded  a  white  precipitate,  evidence  of  the  presence  of  sodium. 
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3.904  mg  substance:  5.770  mg  CO^;  2.050  mg  HjO.  4.697  mg  substance:  6.970  mg  COj;  2.458  mg  HjO. 

0.1063  g  substance:  0. 0298  g  MgjPjOj  (Marie  method).  0.1023  g  substance:  0.0279  g  MgjPjtij. 

I  oaijci  -io:  C  40.33,  40.50;  N  5.87,  5.86;  P  7.77,  7.43.  CuHi60Na3P04 » SHjO.  Calculated  ojo:  C  40.18; 

110,26;  F  7.4. 

When  0.2763  g  of  the  substance  was  dried  to  constant  weight  in  a  vacuum  desiccator,  it  lost  0.0273  g, 
equivalent  to  10.5<yo  of  crystallization  water.  The  formula  given  above  contains  12.9^  of  water. 

The  substance  colors  concentrated  sulfuric  acid  crimson,  dilution  with  water  then  producing  a  white 
precipitate.  An  aqueous  solution  of  the  substance  yields  a  white  precipitate  with  bromine  water.  It  decolor¬ 
izes  a  permanganate  solution  instantaneously. 

Methylating  the  vinylacetylenlc  phenol  (IV)  with  dimethyl  sulfate.  10  grams  of  the  substituted  phenol 
were  dissolved  in  50  ml  of  10®^  sodium  hydroxide,  and  12  ml  of  dimethyl  sulfate  was  added  gradually.  The 
mixture  was  agitated  for  half  an  hour;  the  reaction  was  accompanied  by  the  evolution  of  heat.  Then  sodium 
hydroxide  solution  was  added  until  the  reaction  was  alkaline,  and  the  liquid  was  heated  to  boiling.  After  the 
solution  had  cooled,  the  product  was  extracted  with  ether,  dried  with  potash,  and  distilled  in  vacuo  after 
the  ether  had  been  driven  off.  This  yielded  6.5  g  of  the  methyl  ester  of  the  substituted  phenol  (VII)  as  a  color¬ 
less,  transparent  liquid  with  a  b.p.  of  123-124*  at  4.5  mm. 

n“  1.5340;  0.9611;  MR^^  found  68.9;  calculated  67.04. 

3.485  mg  substance;  10.771  mg  COt;  2.716  mg  H^O.  3.080  mg  substance:  9.503  mg  CO^;  2.405  mg  H^O. 

0.1564  g  substance;  16.05  g  benzene:  At  0.23T.  0.1242  g  substance;  13.63  g  benzene:  At  0.216*. 

Found ‘5S):  C  84.34,  84.20;  H8.72,  8.74.  M  216.2,  215.3.  CigHigO.  Calculated  ojot  C  84.12;  H  8.41.  M  214. 

Hydrogenation  of  the  vinylacetylenlc  phenol  (IV).  1455  ml  of  hydrogen  was  absorbed  in  8  hours 
(the  theory  calling  for  1450  ml)  when  405  g  of  the  substance  was  hydrogenated  in  50  ml  of  ethyl  alcohol  using 
an  Adams  platinum  catalyst  The  catalyst  was  then  filtered  out,  the  alcohol  driven  off,  and  the  product  dis¬ 
tilled  in  vacuo.  This  yielded  3.2  g  of  the  hydrogenated  product  (VI)  as  a  colorless  liquid  with  a  b.p.  of  131-132* 
at  4  mm. 

n"  1.5121;  dj®  0.9551;  MR^^  found  64.77;  calculated  64.69. 

5.810  mg  substance:  17.327  mg  COj;  5.538  mg  HjO.  3.070  mg  substance:  9.408  mg  CO^;  3.070  mg  HjO. 

Found  C  81.4,  81.3;  H  10.71,  10.87.  q4HBQ  Calculated  <?b;C  81.55;  H  10.73. 

Methylatlon  of  the  furanic  phenol  ( XI).  16  grams  of  the  fiuanic  irfienol  (XI)  (b.p.  156-160*  at  3  mm) 
was  dissolved  in  100  ml  of  10^  sodium  hydroxide,  and  20  ml  of  dimethyl  sulfate  was  gradually  added.  The 
mixtiue  was  agitated  for  half  an  hoiu,  after  which  a  solution  of  sodium  hydroxide  was  added  until  its  reaction 
was  alkaline,  and  the  liquid  was  heated  to  boiling.  When  the  liquid  had  cooled,  it  was  extracted  with  ether, 
dried  with  potash,  and  distilled  in  vacuo  after  the  ether  had  been  driven  off.  This  yielded  9  g  of  the 
methyl  ester  of  the  fuianic  phenol  (XII)  with  a  b.p.  of  127-127.5  at  2.5  mm. 

n”  1.5291;  dj®  0.9988;  MR^^  found  71.8;  calculated  68.27. 

5.150  mg  substance:  14.844  mg  CQg;  4.105  mg  HgO.  6.630  mg  substance;  19.087  mg  COg;  5.185  mg  H^O. 

0.2392  g  substance;  15.33  g  benzene;  At  0.343*.  0.1405  g  substance;  15.33  g  benzene:  At  0.206*. 

Found  <%i  C  78,64,  78.58;  H  8.92,  8.75,  M  232,  223,7,  CisHmO^.  Calculated  %  C  77.56;  H  8.61;  M  232. 

Oxidation  of  the  substituted  anisole  (VII)  with  permanganate.  38.1  grams  of  powdered  permanganate 
was  gradually  added,  with  stirring  and  chilling  with  ice  water,  to  a  solution  of  10  g  of  the  substituted  anisole 
(Vn)  in  150  g  of  acetone  (the  acetone  had  first  been  boiled  with  potassium  permanganate  for  8  hours  and  then 
distilled).  Oxidation  took  4  hours.  The  manganese  dioxide  was  filtered  out  and  thoroughly  washed  several 
times  widi  hot  water.  The  filtrates  were  combined  and  evaporated  to  small  volume.  A  few  drops  of  the  fil¬ 
trate  threw  down  a  white  precipitate  of  calomel  when  reacted  with  mercuric  chloride  (test  for  formic  acid). 
After  the  evaporated  filtrate  had  cooled,  it  was  acidulated  with  a  l<’lo  solution  of  sulfuric  acid,  yielding  an 
oily  substance  that  soon  crystallized.  The  crystals  were  filtered  out,  washed  a  few  times  with  cold  water,  and 
dried  in  a  desiccator.  This  yielded  3.6  g  of  pmethoxyphenyldimethylacetic  acid  (IX),  which  had  an  m.p. 
of  87-88®  after  recrystallization  from  aqueous  alcohol. 

0.216  g  substance:  11.5  ml  0.1  N  NaOH.  0.109  g  substance:  5.8  ml  0.1  N  NaOH. 

Found  M  188.2,  187.9.  Calculated;  M  194. 
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substituted  at  various  positions,  with  different  radicals  and  with  varying  degree  of  addition,  and  to  learn  the 
effect  of  the  nature,  quantity,  and  position  of  these  radicals  upon  the  activity  of  the  double  bond  and  of  the 
carbony  l  group  in  addition  reactions^  We  chose  ethylidene  acetone,  benzalacetone,  and  furfuralacetone  for 
this  investigation,  as  derivatives  of  methyl  iiirryl  ketone  that  contain  substituents  at  the  0- carbon  atom  of  the 
vinyl  group. 

The  procedure  employed  was  the  usual  one;  a  saturated  alcoholic  solution  of  a  sodium  alcholate  was 
added  drop  by  drop  to  a  mixture  of  the  dialkylphosidiorous  acid  and  the  unsaturated  ketone.  Considerable 
heat  was  evolved  during  the  reaction,  and  the  viscosity  of  the  reaction  mixture  rose  substantially.  After 
enough  of  the  alcoholate  had  been  added  (the  reaction  mixture  no  longer  warmed  up),  the  reaction  mass 
was  distilled  in  vacuo.  Analysis  of  the  resultant  addition  products  by  the  Tserevidnov  method  indicated 
that  they  did  not  contain  any  hydroxyl  group  and,  hence,  were  ketophosphinic  esters  rather  than  hydroxyphos- 
phinic  esters  (which  could  have  been  formed  if  the  dialky Iphosphorous  acids  had  been  added  at  the  carbonyl 
group  of  the  unsaturated  ketones). 

The  dialky  Iphosphorous  acids  were  added  most  readily  and  rapidly  to  ethylidene  acetone.  Yields  of 
62-75‘5i)  of  the  addition  products,  the  respective  l  -methyl-l-dialkylphosphobutanones-3,  were  obtained.  The 
constants  of  the  synthesized  ketophosiMnic  esters  are  listed  in  Table  1. 


TABLE  1 


No. 

Form.ula 

Bolling  point 

"S 

Hi 

Per  cent  yield 

1 

/ 

CHgCCX:i%CH(CHs)P 

\oCH^  .... 

/ 

CHgCOCHjCH(CHs)P 

2 

134  - 135" 

(10  mm) 

1.4411 

1.1313 

69.1 

3 

\oG,H6J,  .  .  . 

O 

// 

CHsCOCH,CH(CH8)P 

139  -  140 
(10  mm) 

1.4387 

1.0850 

62.1 

4 

Noc^HsHso),  .  .  . 
o 

CHgCOCH,CH(CH,)F^ 

156  “  158 
(10  mm) 

1.4400 

1.0221 

63.7 

.  .  . 

172  - 173 
(10  mm) 

1,4412 

0.9985 

74.4 

DiaLky Iphosphorous  acids  are  added  to  benzalacetone  more  slowly  than  to  ethylidene  acetone,  though 
the  reaction  is  just  as  vigorous,  with  considerable  heat  liberated  by  the  reaction  mixture.  The  constants  and 
yields  of  the  synthesized  B-^ketophosjAinic  esters,  l“phenyl“l“diaIkylphosphobutanones-3,  ate  listed  in  Table  2. 

The  dialkyli^osphotous  acids  are  added  to  furfuralacetone  at  about  the  same  rate  as  to  benzalacetone. 
The  constants  of  the  synthesized  0- ketophosphinic  esters  are  listed  in  Table  3. 

In  all  the  investigated  reactions  involving  the  addition  of  diaikylphosphorous  acids  to  unsatiuated  ketones 
the  addidon  velocity  fa  lb  substantially  as  the  molecular  weight  of  the  radicals  entering  into  the  composition 
of  the  dialkylphosphoro<is  acids  increases.  Hence,  the  only  way  to  secure  more  complete  and  more  rapid  reac¬ 
tions,  especially  when  dibutyl-  and  dilsobutyiphosphorous  acids  are  added,  is  either  to  heat  the  reaction  mix¬ 
ture  after  a  given  quantity  of  the  saturated  alcoholic  solution  of  the  alcoholate  has  been  added  or  to  add  an 
excess  of  the  alcholate  the  reaction  mixture  until  the  exothermal  effect  ceases.  It  is  likewise  of  great 
importance  to  me  producing  of  pure  0-ketophosphinic  ethers  that  the  alcoholic  solution  of  a  sodium  alcohol¬ 
ate  employed  as  a  catalyst  be  prepared  horn  an  alct^ol  containing  the  same  radical  as  the  one  entering  into 
the  composition  of  the  diaikylphosphorous  acid  added.  The  reason  for  this  is  that  a  partial  exchange  of 
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radicals  occurs  during  the  reaction,  as  we  have  discovered,  between  the  molecules  of  the  alcohol  and  the 
dialky Iphosphorous  acid: 

2CH3OH  +  (C4H,0)2P0H  2C4H9OH  +  (CH50),P0H, 


TABLE 

2 

"n’oT” 

Formula 

Boiling  point 

"P~] 

""  dJO 

Per  cent  yield 

1 

c™c../ 

\oCHri,  .  .  . 

/ 

CH,COCHjCH(C*H6)P 

\oc,i%), .  .  . 
n 

189  - 190' 

(10  mm) 

1.5095 

1.1791 

64.6 

2 

203  (16  mm) 

1.5050 

1.1309 

55.8 

3 

CHsCOCHiCHfC^H*)? 

XOC^HjHso),  . 

/ 

CH,C0C1^H(C4H6)P 

\oC4H,-n),  .  .  . 

208  (12  mm) 

1.4900 

1.0736 

64.5 

4 

219-220 
(13  mm) 

1.4927 

1.0737 

63.0 

TABLE  3 


No. 

Formula 

Boiling  point 

<^0 

Per  cent  yield 

1 

/ 

CH,C0CH,CH(C4H,0)P 

\oCHi)t  .... 

163  -  164' 

1.4835 

1.2181 

44.7 

2 

/ 

CH,COCH2CH(C4HjO)P 

\oc,H5),  .... 

(6  mm) 

192  -193 

1.4755 

1.1616 

62.0 

3 

/ 

CH3C0CHjCH(C4H,0)P 

\oc4H9-iso), .  . 

(16  mm) 

161  (3  mm) 

1.4711 

1.0932 

72.1 

4 

0 

CH3C0CH,CH(C4H,0)P 

\oC4H,-n),  .  . 

182  (4  mm) 

1.4730 

1.0995 

60.0 

resulting  in  the  formation  of  a  dialkylphosphorous  acid  with  a  different  radical  and  in  contaminating  the 
principal  reaction  product  due  to  the  addition  of  this  new  acid  to  the  unsaturated  ketone. 

The  general  pattern  for  the  addition  of  dialkylphosporous  acids  to  unsaturated  ketones  that  contain 
one  substituted  group  attached  to  the  B -carbon  atom  of  the  vinyl  group  may  be  represented  as  follows: 
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The  adds  ptodiiced  by  saponifying  the  synthesized  ketophosphinic  esters  are  thick,  oily  liquids  that  do  not 
crystallize  upon  standing. 


EXPERIMENTAL 

Addition  of  Dialky Iphosphoi ous  Acids  to  Ethylidene  acetone 

L  Addition  of  dimethylphosphorous  acid.  A  saturated  solution  of  sodium  methylate  in  methanol  was 
added  slowly,  drop  by  drop,  to  a  mixture  of  8.4  g  of  ethylidene  acetone  and  11  g  of  dimethylphosphorous 
acid.  The  reaction  mixture  heated  up  conslderabfy;  the  addition  of  the  sodium  methylate  was  regulated  so  as 
to  keep  the  temperature  of  the  reaction  mixture  from  going  higher  than  60“70®.  The  sodium  methylate  was 
added  until  no  more  heat  was  evolved  by  the  reaction  mixture.  The  viscosity  of  the  reaction  mixture  rose 
appreciably  during  the  course  of  the  reaction.  Fractionation  of  the  mixture  from  an  Arbuzov  flask  yielded 
13.4  g  of  1  methyl-i  -dimethyiphosphobatanone-Q  with  a  b.p,  of  134-135®  at  10  mm. 

0.1326  g.  0.1300  g  substance;  32.1  ml.  31.0  nl  NaOH  (T  =  0.024417). 

Found  P  15.8,  16.1.  CrHjgO^P.  Calculated  <5S);  P  15.9, 

2.  Addition  of  dietfaylphosiAorous  acid.  A  saturated  solution  of  sodium  ethylate  in  ethyl  alcohol  was 
added  a  drop  at  a  time  to  a  mixture  of  8,4  g  of  ethylidene  acetone  and  14  g  of  diethylphosphorous  acid. 

After  the  reaction  was  complete,  fractionation  of  the  reaction  mixture  yielded  13.9  g  of  l'inethyl-1- 
diethylphosiiiolwtanone-3  with  a  b.p.  of  139^140®  at  10  mm. 

0.1302  g,  0.0978  g  substance;  26.5  ml  20.4  ml  NaOH  (T  =  0.024417). 

Found ‘5l»;  P  13.8,  14.1.  CfHiP4P.  Calculated  P  14.0. 

3.  Addition  of  dllsobutylphosphorous  acid.  A  solution  of  sodium  isobutylate  in  isobutyl  alcohol  was 
added  to  a  mixture  of  8.4  g  of  ethylidene  acetone  and  18.6  g  of  dllsobutylphosphorous  acid.  Much  less 
heat  was  evolved  than  in  the  preceding  veactlons.  The  amount  of  the  saturated  solution  of  sodium  iso¬ 
butylate  that  was  added  totaled  some  2  mL  Fractionation  of  the  reaction  mixture  yielded  17.2  g  of 
l-methyl“l-diisobutylphosphobutanone“3  with  a  b.p.  of  156-158®  at  10  mm. 

0.1186  g  substance;  20.0  ml  NaOH  (T  =  0.024417), 

Found  ojo:  P  11.6.  CuH*704P.  Calculated  ‘jfc;  P  11.2. 

4.  Addition  of  dibutylphosidiorous  acid.  The  amounts  of  reagents  employed  in  this  reaction  were 
the  same  as  in  the  preceding  one,  sodium  butylate  being  used,  however.  The  yield  was  20.1  g  of  1-methyl- 
l-dibutylphosphobutanone-S  with  a  b.p.  of  172-173®  at  10  nun. 

0.1248  g  substance;  20.7  ml  NaOH  (T  =  0.024417). 

Found  %  P  11.20  CjsHjjO^P.  Calculated  <5k;  P  11.20. 

Addition  of  Dlalkylphosphorous  Acids  to  Benzalacetone 

The  experimental  procedure  employed  resembled  that  described  in  the  preceding  experiments. 
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]  >  Addition  of  dime  thy  Iphosphorous  acid.  10  g  of  benzalacetone  and  7.5  g  of  dimethylphosphorous 
acid  in  the  presence  of  sodium  methylate  yielded  11.3  g  of  l^henyl-l-<iimethyli^osphobutanone-3  with  a 
b.p.  of  i89“190®  at  10  mm. 

0.1792  g  substances  39.8  ml  NaOH  (T  =  0.019404).  Found  P  11.9.  CoHjtO^P.  P  12.1. 

2.  Addition  of  diethy iphosphorous  acid.  A  saturated  solution  of  sodium  ethylate  in  ethyl  alcohol  was 
added  to  a  mixture  consisting  of  12  g  of  benzalacetone  and  12  g  of  diethylphosphorous  acid.  Fractionation  of 
the  reaction  mixture  yielded  13.4  g  of  l-phenyl-l-diethylphosphobutanone-3  with  a  b.p.  of  203*  at  16  nun. 

0.1336  g,  0.1316  g  substances  26.7  ml,  26.7  ml  NaOH  (T  =  0.019404).  Found  P  10.8,  10.9. 
CuH*i04P.  Calculated  <)(k  P  10.9. 

3-  Addition  of  diisobuty Iphosphorous  acid.  7.3  g  of  benzalacetone  and  10  g  of  dlisobutylphosphorous 
acid  in  the  presence  of  sodium  isobutylate  yielded  11.2  g  of  l-phenyl-l'dlisobutylphosphobutanone-S  with  a 
b.p.  of  208*  at  12  mm. 

0.1426  g,  0.1188  g  substances  25.2  ml,  20.5  ml  NaOH  (T  =  0.019404).  Found  “^ts  P  9.4,  9.2. 

Ci|H|^4P.  Calculated  ‘^s  P  9.1. 

4.  Addition  of  dibutylphosphorous  acid.  10.8  g  of  benzalacetone  and  15  g  of  dibutylphosphorous  acid 
yielded  16.2  g  of  l-phenyl-l-dibutylphosphobutanone-3  with  a  b.p.  of  219-220*  at  13  mm. 

0.1340  g  substances  24.4  ml  NaOH  (T  =  0.019404)  Found  P  9.6.  CieH{9Q4P.  Calculated  <5ks  P  9.1. 

Addition  of  Dialkylphosphorous  Acids  to  F urfuralacetone 

1.  Addition  of  dimethylidiosphotous  acid.  10  g  of  furfuralacetone  and  9  g  of  dimethylphosphorous 
acid  in  the  i^esence  of  sodium  methylate  yielded  8.5  g  of  l-furyl-l-dimethylphosphobutanone-3  with  a  b.p. 
of  163-164*  at  6  nun. 

0.1178  g  substances  28.1  ml  NaOH  (T  =  0.019404).  Found ‘Jbs  P  12.8.  CioHuO^P.  Calculated  “its  P  12.6. 

2.  Addition  of  diethylphosphorous  acid.  10  g  of  furfuralacetone  and  10  g  of  diethylphosphorous  acid 
in  the  presence  of  sodium  ethylate  yielded  12.4  g:  of  1  •faiyl-l-dlethylphosi*obutanone'3  with  a  b.p.  of  192- 
193*  at  16  mm. 

0.1630  g,  0.1270  g  substances  34.5  ml,  27.0  ml  NaOH  (T  =  0.019404).  Found  P  11.4,  11.3. 
Cj2Hj905P.  Calculated  °}o:  P  11.3. 

3.  Addition  of  dlisobutylphosphorous  acid.  13.7  g  of  furfuralacetone  and  21.0  g  of  diisobutylphos- 
phorous  acid  yielded  25  g  of  l-furyl-diisobutylphosphobutanone-3  with  a  b.p.  of  161*  at  3  nun. 

0.1110  g  substances  19.6  ml  NaOH  (T  =  0.019404).  Found  <5ts  P  9.5.  Ci«H„C^P.  Calc.<5l>5  P  9.4. 

4.  Addition  of  dibutylphosphorous  acid.  7  g  of  furfuralacetone  and  11  g  of  dibutylphosphorous  acid 
in  the  presence  of  sodium  butylate  yielded  10.8  g  l-furyl-l-dlbutylphosi^obutanone-3  with  a  b.p.  of  182*  at 
4  nun. 

0.1104  g,  0.1214  g  substances  20.0  ml,  21.8  ml  NaOH  (T  =  0.019404).  Found  ‘jbs  P  9.7,  9.3. 

Cj^HpOsP.  Calculated  <5bs  P  9.4, 


SUMMARY 

1.  A  new  method  has  been  developed  for  synthesizing  6-ketophosphinic  esters  by  adding  dialkyl¬ 
phosphorous  acids  to  a ,  6 -unsaturated  ketones  in  the  presence  of  alcoholates  of  alkali  metals. 

2.  The  addition  products  of  dimethyl-,  diethyl-,  dilsobutyl-,  and  dibutylphosphorous  acids  to 
ethyliitene  acetone,  benzalacetone,  and  fiufuralacetone  have  been  isolated  and  identified. 
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THE  ADDITION  OF  DIALKYLPHOSPHOROUS  ACIDS 


TO  UNSATURATED  COMPOUNDS 

IV.  THE  ADDITION  OF  DIALKYLPHOSPHOROUS  ACIDS  TO  UNSATURATED  ALDEHYDES 
A  NEW  METHOD  OF  SYNTHESIZING  UNSATURATED  fl -HTDROXYPHOSPHINIC  ESTERS 


A.  N.  Pudovik  and  Yu.  P.  Kitaev 


In  out  previous  report  [1]  we  described  the  addition  of  dialkylphosphorous  acids  to  some  electiono- 
philic  reagents  belonging  to  the  group  of  unsaturated  nitriles,  acid  esters,  and  ketones.  We  showed  that  when 
caralyscs^alcoholates  of  the  alkali  metals— are  present,  addition  takes  place  very  readily  at  the  double  bond, 
resulting  in  ifte  formation  of  derivatives  of  phosphinlc  esters.  This  discovery  of  a  new  method  of  synthesizing 
phosphinic  esters  made  cyanophosi^inic,  carboxylalkyli^osphinic,  and  Jtetophosphinic  esters  of  diversified 
structure  highly  accessible,  though  rheir  preparation  by  the  other  methods  known  at  the  present  time  some¬ 
times  involved  substantial  preparative  difficulties. 

In  the  present  research  we  decided  to  employ  our  newly  discovered  reaction  of  the  addition  of 
dialkylphosphorous  acids  to  unsaturated  electronophilic  reagents  to  a,&unsaturated  aldehydes,  using  it  to 
synthesize  hitherto' unknown  esters  of  aldehydophosphinlc  acids.  The  substances  we  proposed  to  employ  were 
acrolein,  crotonaldehyde,  furylacroline,  clnnamaldehyde,  and  hexadienal. 

We  introduced  some  changes  into  the  reaction  procedure  described  in  our  preceding  papers  to  in¬ 
crease  the  yield  of  the  addition  products.  A  saturated  alcoholic  solution  of  a  sodium  alcoholate  was  added 
dropwise  to  a  mixmre  of  equimolecular  quantities  of  the  unsaturated  aldehyde  and  the  dialkylphosphorous 
acid.  Considerable  heat  was  evolved  during  the  reaction,  the  addition  of  the  alcoholate  being  stopped  as 
soon  as  the  evolution  of  heat  by  the  reaction  mixture  ceased.  To  avoid  losses,  the  addition  reaction  was  per¬ 
formed  directly  in  an  Arbuzov  flask  in  the  presence  of  a  small  amount  of  hydroquinone,  which  protected  the 
unsaturated  aldehyde  against  polymerization  during  the  course  of  the  reaction  and  during  fractionatioa 
With  the  same  objective  in  view,  the  sodium  alcoholate  present  in  the  reaction  mixture  was  neutralize  by 
the  addition  of  a  few  drops  of  glacial  acetic  acid  before  fractionation  was  begun.  When  the  end  products 
were  solids  that  were  soluble  with  difficulty  in  organic  solvents,  the  reactions  were  carried  out  in  an  alcohol 
solution;  the  addition  products  settled  out  of  the  solution  as  crystalline  precipitates  and  were  then  recrystal- 
Uzed  from  ^  water-alcohol  mixture. 

Of  all  the  unsamrated  aldehydes  used,  dialkylphosphorous  acids  are  added  most  readily  and  rapidly 
to  acrolein.  Mach  less  catalyst  was  required  to  complete  the  reaction  when  dimethyl-  and  diethylphosphorous 
acids  were  added  than  in  the  addition  of  the  higher  dialkylphosphorous  acids.  As  we  have  stated  in  our 
preceding  paper  [2],  the  purest  products  are  ob?ained  when  the  alcoholates,  the  alcohols,  and  the  dialkyl¬ 
phosphorous  acids  all  contained  the  same  radicals. 

A  study  of  some  of  the  products  of  the  addition  of  dialkylphosphorous  acids  to  acrolein  has  shown 
that  they  display  no  characteristic  reactions  for  a  carbonyl  group,  more  specifically  failing  to  react  with 
hydroxylamine,  phenylh>drazine,  p-dlnltroj^enylhydrazine,  and  semicarbazide.  Titration  with  bromine 
indicated  that  they  possessed  a  double  bond,  while  a  Tserevltinov  analysis  established  the  presence  of  a 
hydroxyl  group.  Our  findings  led  us  to  conclude  that  the  addition  prodircts  were  not  aidehydo-phosphinlc 
esters,  as  we  had  presupposed,  but  unsaturated  hydroxyphosphinic  esters,  so  that  dlalkylphosphoroirs  acids  are 
not  added  to  unsaturated  aldehydes  at  the  double  bond,  but  at  the  carbonyl  group. 

The  constants  and  yields  of  the  synthesized  unsaturated  a  -hydroxyphosphinic  esters  are  listed  in 

Table  1. 
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TABLE  1 


1 


The  esters  are 
colorless,  mobile 
liquids  with  a  pecu¬ 
liar  fish'll  odor. 

They  are  freely  sol¬ 
uble  in  organic  sol¬ 
vents.  Their  form¬ 
ation  may  be  repre¬ 
sented  as  follows; 

(See  below).  In 
their  addition  to 
acrolein,  therefore, 
the  dialkylphos- 
phorous  acids  behave 
very  much  like  many 
other  reagents,  such 
as  hydrogen  cyanide 
and  sodium  bisulfite, 
which  are  also  added 
at  the  carbonyl  group 
for  the  most  part.  The 
contrast  in  the  behav¬ 
ior  of  structurally 
similar  aldehydes  and 
ketones  in  addition 
reactions  may  be  at¬ 
tributed  to  the  fact 
that  in  the  latter  the 
electronophllic  nat¬ 
ure  of  the  carbon  at¬ 
om  in  the  carbonyl 
group  is  greatly  re¬ 
duced,  owing  to  the 

steric  and  electronic  (-^  effect)  influence  of  the  substituent  R  group,  so  that  the  double  bond  proves  to  be 
more  active  during  addition.  From  this  standpoint  considerable  interest  is  attached  to  a  smdy  of  the  addition 
reactions  of  dialkylphosidiorous  acids  to  unsaturated  ketones  possessing  two  substituents  attached  to  the  0  - 
carbon  atom  of  the  vinyl  group,  say ,  to  mesityl  oxide  and  others,  in  which  the  electronophllic  nature  of  the 
end  carbon  atom  ought  to  be  greatly  reduced  and,  hence,  addition  ought  to  take  place  at  both  the  double 
bond  and  the  carbonyl  group. 


(R0)2P0H  +  RONa 


— + 

\ 


(Rd),p^ 

N, 


+  ROH 


(RO),^ 


\  + 

Na 


CHj=CH—CHONa--P(  OR)j 


(RO)tPOH 


CH,=CH— CHOH~P(OR)j  +(RO),p: 


\ 


Na 


It  is  extremely  interesting  that  the  addition  of  dialkylphosphorous  acids  to  crotonaldehyde  is  much 
less  smooth  than  to  acrolein,  The  yields  of  the  addition  products  of  dimethyl-  and  diethylphosphorous  acids 
to  crotonaldehyde  turned  out  to  be  very  low,  while  no  addition  products  could  be  recovered  at  all  in  the  case 
of  the  dibatyl-  and  diisobutylphosphorous  acids.  The  addition  of  dimethylphosphorous  acid  to  furylacroleln 
and  cinnamaldehyde  produces  yields  that  are  neatly  quantitative,  the  addition  products  being  crystalline  sub¬ 
stances  that  were  freely  soluble  in  organic  solvents  but  only  slightly  soluble  in  cold  water.  Tserevltinov 
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analysis  of  these  products  indicated  that  they  contained  a  hydroxyl  group  and,  hence,  also  unsaturated  hydrox- 
yphosphinlc  esters.  The  constants  of  the  addition  products  of  the  dialkylphosphorous  acids  to  crotonaldehyde, 
furylacroiein,  and  clnnamaldehyde  are  given  in  Table  2. 


TABLE  2 


Finally,  we 
investigated  the 
addition  of  di- 
methylphosphor- 
ous  and  diethyl* 
phosphorous  acids 
to  hexadien-2,4- 
al-1.  The  reac¬ 
tion  is  fairly  vig¬ 
orous,  considerable 
heat  being  evol¬ 
ved.  Processing 
and  fractionation 
of  the  reaction 
mixtures  prod¬ 
uced  small  yields 
of  the  following 
addition  products; 

1  <limethylphospho- 
hexadlen-4-2, 4-0I-I  , 
with  a  b.p.  of  153- 
154“  (13  mm); 
iig  1.4866,  df  1.1165, 
and  1-diethylphospho- 
hexadien-2, 4-0I-I , 
widi  a  b.p.  of  167- 
168*  (17  mm); 
n{5  1.4774,  di®  1.0717. 


The  diene  hydroxy- 

phosphinic  esters  are  faintly  yellow  liquids  widi  a  peculiar  odor,  which  are  readily  soluble  in  alcohol  and  in  ether. 


EXPERIMENTAL 

I.  Addition  of  Dialkylphosphorous  Acids  to  Acrolein. 

1.  Addition  of  dimethylphosphorous  acid.  A  small  quantity  (about  15  drops)  of  a  saturated  solution  of 
sodium  methylate  was  added  drop  by  drop  to  a  reaction  mixture  consisting  of  7.5  g  of  acrolein  stabilized  with 
hydroquinone  and  15  g  of  dimethylphosphorous  acid  in  a  small  Arbuzov  flask,  the  flask  being  cooled  with 
water.  The  reaction  was  violent,  the  reaction  mixture  becoming  very  hot.  After  the  sodium  methylate  had 
been  neutralized  by  adding  acetic  acid,  the  reaction  mixture  was  fractionated  in  vacuo,  yielding  12  g  of 
the  methyl  ester  of  l-hydroxy-2-propene-l-phosphinic  acid  (Table  1,  Compound  1). 

0.1394  g  substance;  52.5  ml  NaOH  (T  =  0.01768).  Found  <51):  P  18.45.  C5HUO4P.  Calc.<5b;  P  18.68. 

The  l-hydroxy-2-propene-l-phosphinic  acid,  secured  by  saponifying  the  ester  with  dilute  hydrochloric 
acid,  was  a  thick,  oily,  light-brown  liquid  that  did  not  crystallize  upon  sunding. 

2.  Addition  of  diethylphosphorous  acid.  About  40  drops  of  a  saturated  alcoholic  solution  of  sodium 
ethylate  was  added  to  a  mixtiue  consisting  of  7  g  of  acrolein  and  22.3  g  of  diediylphosphorous  acid.  Frac¬ 
tionation  of  the  reaction  mixture  yielded  19  g  of  the  ethyl  ester  of  1-hydroxy -2 ^ropene-l-phosphinic  acid. 
(Table  1,  Compound  2). 

0.1060  g  substance-.  43.40  ml  NaOH  (T  =  0.01768).  Found P  16.34.  C7Ha04P.  Calc.‘5b;  P  15.98. 
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3.  Addition  of  diisofyopylphosphorous  acid^  2.5  g  of  acrolein  and  5,4  g  of  diisopropylphosphorous  acid, 
under  conditions  similar  to  those  described  for  the  preceding  experiments,  yielded  5.3  g  of  the  diisopropyl  ester 
of  l-hydroxy-2-propene-l-phosphinic  acid  (Table  1,  Compound  3). 

0.1002  g  subsunce:  27.9  ml  NaOH  (T  =  0.01768).  0.1103  g  substance:  13,05  ml  CH4. 

Found  P  13.66;  OH  7.91.  C9H19O4P.  Calculated  P  13.96;  OH  7.65. 

4.  Addition  of  diisobutylphosphorous  acid.  5,3  g  of  acrolein  and  15.7  g  of  diisobutylphosphorous  acid  yielded 
4.5  g  of  the  dilsobutyl  ester  of  1 -hydroxy -2-propene-l“phosphinlc  acid  (Table  1,  Compound  4),  plus  several  low- 
boiling  fractions. 

0,2132  g  substance:  54,5  ml  NaOH  (T  =  0.01768).  Found  P  12,52.  CuHjj04P.  Calculated  P  12.40, 

5.  Addition  of  dlbutylphosphorous  acid.  10.2  g  of  acrolein  and  32  g  of  dibutylphosphorous  acid  were  used 
for  the  reaction.  Repeated  fractionation  of  the  reaction  mixture  yielded  3.7  g  of  thedlbutyl  ester  of  1-hydroxy- 
2-propene-l‘i)hosiMnic  acid  (Table  1,  Compound  5),  plus  several  low^hoilii^  fractions.  The  fractionation  residue 
totaled  20  g. 

0.2093  g  substance:  54.1  ml  NaOH  (T  =  0.01768).  Found  <5b:  P  12.65.  CuH8j04P.  Calculated  P  12.40. 

II.  Exchange  of  Radicals  Between  the  Alcohols  and  The  Dialkylphosphorous  Acids 
in  the  Presence  of  Alcoholates  of  the  Alkali  Metals. 

Experiment  1.  10.8  g  of  dim.ethylphosphorous  acid,  14.1  g  of  butyl  alcohol,  and  0,75  g  of  a  saturated  solution 
of  sodium  methylate  were  placed  in  an  Arbuzov  flask.  The  reaction  mixture  was  distilled  after  having  been 
allowed  to  stand  for  twenty  minutes  at  room  temperature.  This  yielded  5.5  g  of  methanol,  5.9  g  of  butyl  alcohol, 
3.8  g  of  dimethylphosphorous  acid,  and  4.9  g  of  dibutylphosphorous  acid. 

Experiment  2.  A  similar  xeacdon  was  carded  out  with  9.6  g  of  dibutylphosphorous  acid,  4  g  of  methanol, 
and  0.35  g  of  a  saturated  solution  of  sodium  methylate.  This  yielded  1,5  g  of  butyl  alcohol,  0.5  g  of  dimethyl- 
phosi^ioroas  acid,  and  6. 1  g  of  dibutylphosphorous  acid. 

III.  Addition  of  Dialkylphosphorous  Acids  to  Crotonaldehyde. 

1.  Addition  of  dimethylphosphorous  acid.  Some  60  drops  of  an  alcoholic  solution  of  sodium  methylate  was 
gradually  added  from  a  dropping  funnel  to  a  chilled  mixture  of  5  g  of  crotonaldehyde  and  11.6  g  of  dimethyl - 
phosidrorous  acid.  Repeated  fractiimation  of  the  reaction  products  yielded  0.85  g  of  the  methyl  ester  of  l-hydroxy- 
2-frutene“l'i)hosphinic  acid  (Table  2,  Compound  1),  plus  several  low-boiling  fractions.  The  fractionation  residue 
totaled  8.9  g. 

0.1604  g  substance:  57.18  ml  NaOH  (T  =  0.01768).  Found  P  17.45,  C6H1SO4P.  Found  P  17.23. 

2.  Addition  of  diethylphosphorous  acid.  5.1  g  of  crotonaldehyde  and  12.9  g  of  diethylphosphorous  acid 
yielded  1.5  g  of  the  diethyl  ester  of  l-hydioxy-2-butene“l‘phosidiinic  acid  (Table  2,  Compound  2),  plus  several 
low-boiling  fractions. 

0.2061  g  substance:  60.24  ml  NaOH  (  T  =  0  01768).  Found  '7p:  P  14.64  C8H17O4P.  Calculated  <70:  P  14. 90. 

Saponification  of  the  ester  by  heating  it  with  dilute  hydrochloric  acid  yielded  l-hydroxy-2-butene-l-phos- 
phinic  acid  as  a  thick,  oily  liquid  that  did  not  crystallize  upon  standing. 

IV.  Addition  of  Diethylphosphorous  Acid  to  Furylacrolein . 

6.5  g  of  furylacrolein  (m.p.  52.5”)  and  7.8  g  of  diethylphosphorous  acid  were  dissolyed  in  24  ml  of  absolute 
ethyl  alcohol.  The  color  of  the  solution  turned  from  yellow  to  cherry-red  when  10  drops  of  a  saturated  alcoholic 
solution  of  sodium  ethylate  was  added  Considerable  heat  was  evolved  by  the  reaction  mixture.  After  some 
more  sodium  ethylate  (20  drops)  had  been  added  and  the  reaction  mixture  had  been  heated  on  a  water  bath  for 
an  hour,  a  crysuUine  precipiute  began  to  settle  out.  Chilling  the  flask  caused  8.6  g  of  a  crystalline  precipitate 
as  white  leaflets  to  settle  out.  Evaporation  of  the  mother  liquor  yielded  another  3  g  of  the  crystalline  product. 

The  m.p.  of  the  product  was  106-107®  after  it  had  been  dried  in  a  vacuum  desiccator. 
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0.1681  g  substance:  40.17  ml  NaOH  (T  =  0,01768).  Found  ‘Sfc?  P  11.99.  CuHitOjP.  Calculated  ^  P  11.92. 

We  veie.  unable  to  secure  any  crystalline  addition  products  in  similar  reactions  of  furylaciolein  with  dimethyl- 
photpnoio-.-  arid  dibutylphosphorouR  acid.  The  addition  products  were  thick  oily  liquids  that  did  not  crystallize  upon 
standing  aiid  did  not.  distil  in  vacuo. 

V.  Addition  of  Dia  Ikylphosphorous  Acids  to  Cinnamaldehyde. 

1.  Addition  of  dlmethy  lphosphorous  acid.  A  saturated  solution  of  sodium  mediylate  in  methanol  was  added 
drop  by  drop  to  a  reaction  mixture  consisting  of  4.6  g  of  cinnamic  aldehyde  and  4  g  of  dimeihylphosphorous  acid. 
The  mixture  heated  up  considerably  (to  +75“)  and  grew  much  more  viscous.  The  contents  of  the  flask,  crystallized 
into  a  solid  yellow  mass  after  standing  for  one  hour  at  room  temperature.  Recrystallization  from  an  aqueous-alco  ~ 
holic  solution  and  drying  in  a  vacuum,  desiccator  yielded  7  g  of  the  dimethyl  ester  of  l“hydroxy-3-phenyl-2-ptopene- 
1-phosphinic  acid  as  minute  colorless  crystals.  The  crystals  were  freely  soluble  in  alcohol,  ether,  benzene,  and 
chloroform.,  less  so  in  gasoline,  and  sparingly  soluble  in  water. 

0.2024  g  substance"  53.2  ml  NaOH  (T  =  0.01768).  0,0853  g  substance:  8.9  mi  CH4. 

Found  P  12.86;  OH  7.28.  CUH15O4P.  Caiculaced P  12.81;  OH  7.02. 

Sapordficatlon  of  the  dimethyl  ester  of  l-hydroxy“3i?henyT-2"propene-l-i^osphinic  acid.  2.4  g  of  the  ester 
was  heaied  to  lOO"'  in  a  sealed  rube  for  19  hours  with  30  ml  of  dilute  hydrochloric  acid.  After  the  methyl  chloride 
had  been  driven  off  and  the  aqueous  solution  had  been  boiled  with  acilyated  charcoal,  the  solution  was  evaporated 
to  a  thick,  tacky  mass.  No  acid  crystallized  out  desplm  the  long  time  the  mass  was  allowed  to  stand.  A  barium 
salt  of  the  acid  was  secured  by  boiling  it  with  barium,  carbonate.  The  salt  crystallized  from  the  concentrated  solu¬ 
tion  as  tiny  white  platelets.  They  were  dried  at  110 -120“ and  analy.zed  for  their  barium  content. 

0,1439  g  substance;  0.0598  g  5aS04.  Found  Ba  24.44.  C^HjoOtPjBa  Calculated  <5t:  Ba  24.37. 

2.  Addition  of  diethylphosphorous  acid.  4  07  g  of  dlethyi.t^osphorous  acid  and  4.05  g  of  cinnamic  aldehyde 
were  used  tor  the  .reaction,  which  was  carried  oat  as  in  the  addition  of  the  dimethyiphosphorous  acid.  The  reaction 
yielded  a  crystalline  product  that  had  a  m.p.  of  104-105®  after  having  been  ref;rvs^aliized  ftom  a  water-alcohol 
solution.  The  product  totaled  6  g  o.f  mliiutUy  faintly  yellow  needles  with  the  odor  of  cirnamon,  soluble  In  alcohol, 
ether,  be.nzene,  and  chlorofonn,  and  slightly  soluble  in  water. 

0.1949  g  substance:  42.1  ml  NaOH  (T  -  0.01768).  Found  P  11.58.  C'Jculated  P  11.48. 

The  addition  of  dibutylphosphorous  and  diisobutylphosi^orous  acids  to  clnnamalddiyde  yielded  thick(  oily 
piodut:ts  thad  did  not  crystallize  upon  standing  and  could  not  be  distilled  in  vacuo  without  dectunposing. 

VI.  Addition  of  D1  alkylphosphorous  Acids  to  Hexadien-2, 4-al-l. 

1.  Addition  of  dlmethylphosphorous  acid.  5,1  g  of  hexadien-2,4-aM  and  6  g  of  dimethylphosphorous  acid 
were  placed  in  a  small  Arbuzov  flask.  As  the  sodium  methylate  was  added  drop  by  drop,  the  reaction  mixture 
grew  very  hot.  Double  fractionation  yielded  about  2  g  of  the  addition  product  — l-dimethylphosphohexadien-2,4'Ol-l 
with  a  b.p.  of  153-154*  (13  mm);  1.4866,  dj*  1.1165. 

0.1676  g  substance:  50.3  ml  NaOH  (T  =  0.01786).  Found  ‘jfc:  P  14.69.  CgHi504P.  Calculated  P  15.02. 

2.  Addition  of  diethylphosphorous  acid.  The  reaction  of  7.5  g  of  diethylphosphorous  acid  with  5.2  g  of  the 
hexadienal  yielded  1  4  g  of  1-die  thy  iphosphohexadien-2,4-ol'l  with  a  b.p.  of  167-168“  (17  mm);  1.4774, 

dj*  1.0717. 

0.1020  g  substance;  28.5  ml  NaOK  (T  =  0.0i768).  Found  ‘jb?  P  13.70.  CigHu04P.  Calculated  P  13.22. 

1-Diethylphosphohexadien  2,4  ol-l  is  a  thick,  yellow  liquid  wifh  a  peculiar  odor  That  Is  freely  soluble  in 
alcohol  and  ether. 

SUMMARY 

1.  It  has  beer,  shown  that  <liaIk.ylphospfeorou.s  acids  are  added,  to  a, 8- unsaturated  aldehydes  at  the  carbonyl 
group  in  the  presence  of  alcoholases  of  the  a^lkail  metau.,  giving  rise  to  ester.s  of  unsaturated  a -hydroxyphosphinic 
acids. 

2.  The  addition  producTs  of  diaiky  iphosphorous  acids  to  acrolein,  cinnamaldehyde,  crotonaldehyde,  furyl- 
acroiein,  and  hexadiej0.-2,4 -ai-l  have  been  prepared  and  identified. 
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THE  ADDITION  OF  D  I A  LK  Y  LP  H  OSPHORO  U  S  ACIDS  TO  UNSATURATED  COMPOUNDS 


V.  THE  ADDITION  OF  DIALKYLPHOSPHORDUS  ACIDS  TO  METHYL  ACRYLATE, 
VINYL  ACETATE,  and  VINYL  BUTYL  ETHER 

A.  N.  Pudovik 


As  we  have  shown  in  a  series  of  papers,  the  addition  of  dialkylphosphorous  acids  to  unsatuiated  electronophilic 
reagents  discovered  by  us  may  be  employed  as  a  simple  and  convenient  method  of  synthesizing  various  ketophosphinic 
[1,3],  cyanophosphinic  [2],  and  carboxyalkylphosphinic  esters,  and  unsaturated  a -hydroxyphosihinic  ethers  [4],  The 
reaction  takes  place  very  readily  in  the  presence  of  alcoholates  of  the  alkali  meuls,  the  yields  of  the  addition  prod¬ 
ucts  being  fairly  high.  Of  the  esters  of  a  ,B  unsaturated  carboxylic  acids,  the  only  one  we  have  used  for  these  reac¬ 
tions  is  methyl  methacrylate.  In  the  present  paper  we  have  made  a  study  of  the  addition  of  dialkyli^osphotous  acids 
to  methyl  acrylate,  vinyl  butyl  ether,  and  vinyl  acetate  by  way  of  a  more  comprehensive  and  thoroughgoing  study  of 
the  addition  of  dialkylphosphorous  acids  to  esters  of  unsaturated  carboxylic  acids  and  to  ethers  of  unsaturated  alcohols, 
and  to  learn  the  effect  of  the  structure  of  reagents  upon  iheir  ability  to  enter  into  addition  reactions. 

In  connection  with  these  presuppositions,  it  was  found  that  the  addition  of  dialkylphosphorous  acids  to  methyl 
acrylate,  which  conuins  an  unsubstituted  vinyl  group,  is  much  more  energetic  than  that  to  methyl  methacrylate. 

The  addition  reactions  were  carried  out  by  a  procedure  similar  to  that  described  in  our  preceding  papers  [1  -4].  The 
addition  of  dimethylphosphorous,  diethylphosphorous,  dlisobutylphosphorous,  and  dlbutyli^iosphorous  acids  to  methyl 
acrylate  yielded  the  corresponding  addition  inroducts,  the  methyl  esters  of  B -dialky Iphosphopropionic  acid,  whose 
constants,  molecular  refraction,  and  yields  are  listed  in  Table  1. 


TABLE  1 


No. 

Formula 

dr 

MR] 

D 

Yield, 

(*C) 

Found 

Calculated 

<7o 

1 

(CH,0),P^  CHjCHjCCXlCH, . 

137-138* 

(10  mm) 

1.4390 

1.2170 

42.36 

42.43 

73 

2 

(C,H,o)|P— ch*ch*ccxx:h, . 

164-155 
(14  mm) 

1.4346 

1.1241 

51.97 

51.66 

84 

3 

(iso-C4H,0)2^H2CH8COOCH3 . 

172-174 

1.4400 

1.0495 

70.31 

70.13 

77 

4 

(n-C4H,0)3P^^HjCHjC0CX:H5 . 

(12  mm) 

183-186 
(11  mm) 

1.4416 

1.0480 

70.63 

70.13 

76 

Saponifying  the  methyl  ester  of  6 -diethy Iphosphopropionic  acid  yielded  B-phosphopropionic  acid  as  minute 
crystals;  their  m.p.  was  172-173*  after  having  been  dried  in  air.  Nylen  [5]  gives  the  m.p.  of  B-phosphopropionic 
acid  as  178®;  a -phosphopropionic  acid  melts  at  119-132*  and  deliquesces  when  left  to  stand  in  the  air,  according  to 
Nylen  [6]  and  A.  E.  Arbuzov  and  A.I.  Razumov  [7].  These  findings  on  the  saponification  of  the  resultant  addition 
products  corroborate  the  formulas  proposed  for  their  structure  as  methyl  esters  of  B-tiialky Iphosphopropionic  acids. 


The  addition  reactions  may  be  pictured  as  follows: 


(RO),POH  +  RONa 


(RO),l 


O 


\ 


+  ROH 


Na 


a- 


(RO]iE(^  +  CH,  =  CH— 
^Na 


(RD),P — CH,— CHNaCOOCHj  .  or  (RO)* 


^  yONa 

P^H,-CH=  C 


+  (RO)aPOH 


We  then  made  a  study  of  the  addition  of  dialkylphosphorous  acids  to  vinyl  butyl  ether  and  vinyl  acetate.  Vinyl 
butyl  ether  is  a  typical  nucleophilic  reagent,  and  as  we  have  established,  dialkylphosphorous  acids  are  not 
added  to  this  ether  in  the  presence  of  alcoholates  of  the  alkali  metals.  Nor  were  we  able  to  effect  this-  addition 
in  the  presence  of  protons  (pho^horic  acid),  though  carboxylic  acids  are  added  with  great  ease  to  vinyl  ethers 
under  analogous  conditions ,  [8], 

It  might  have  been  thought  that  vinyl  acetate  would  be  much  more  nucleophilic 

(  a) 

^  CH, 

than  eleciionophilic  (a)  and  thus  would  be  just  as  inert  toward  the  addition  of  dialkylphosphorous  acids.  It  was 
found,  however,  that  the  electronophilic  nature  of  vinyl  acetate  is  rather  pronounced,  as  dialkylphosphorous 
acids  are  added  to  it  quite  energetically  in  the  presence  of  alcoholates  of  the  alkali  metals.  The  addition  ob¬ 
viously  occurs  directly  at  the  carbon-carbon  double  bond  and  may  be  represented  as  follows; 


(RO)jPOH  +  RONa 


(RO),P'  +  ROH. 

Na 


^  +CHj=CHOCOCH8-*-  (RO)|l^Hj-CHNa(X:CX:H5  (ROjjI^CHj-CHiOCOCHs  +  (RO),^ 

^Na  ^Na 


(RO)iP> 


The  constants,  the  molecular  refraction  values,  and  the  yields  of  the  resultant  addition  products  —  frdialkyl- 
phosphoelhyl  acetates  —  are  listed  in  Table  2. 


TABLE  2 


No. 

Formula 

Boiling  point 

ni5 

di" 

1  MRd  I 

Yield, 

Found 

Calculated 

1 

7^^ - 

(CH,0),I^C1H,CI%OCOCH8 . 

104-105“ 

(5  mm) 

1.4298 

1.1882 

42.59 

42.43 

72 

2 

i 

(CjHgOjjl^^HjCHiOCOCHs . 

124-125“ 

(9  mm) 

1.4266 

1.0214 

51.33 

51.66 

57 

3 

(iso  C4H^),P— CH,CH,OCOCHj . 

147  (10  mm) 

1.4325 

1.0263 

70,83 

70.13 

56 

4 

(n-C4HjO),P^CHjCHjOCOCH, 

143  (6  mm) 

1.4312 

1.0275 

70.54 

70.13 

33 

Saponification  of  6 -diethylphosiriioethyl  acetate  yielded  6*hydroxyethylphosiMnic  acid  as  a  viscous,  straw- 
yellow  oil.  The  acid  did  not  crystallize  even  after  long  standing. 

EXPERIMENTAL 

Addition  of  dimethylphosphorous  acid  to  methyl  acrylate.  A  saturated  solution  of  sodium  methylate  in 
methanol  was  slowly  added,  drop  by  drop,  to  a  reaction  mixture  consisting  of  11  g  of  dimethylphosphorous  acid 
and  8.6  g  of  methyl  acrylate,  placed  in  a  small  Arbuzov  flask.  The  reaction  was  extremely  violent,  with  loud 
crackling  and  foaming  of  the  reaction  mixture.  The  reaction  flask  was  cooled  with  cold  water  during  the  reac¬ 
tion.  The  sodium  methylate  solution  was  added  a  drop  at  a  time  imtil  the  reaction  mass  no  longer  grew  warm,  a 
total  of  some  20-25  drops  of  the  methylate  being  added.  Fractionation  of  the  reaction  mixtiue  yielded  14.3  g  of 
the  methyl  ester  of  B-dimethylphosphopropionic  acid  (Table  1,  Compound  1). 

0.1416  g  substence;  0.0908  g  substance:  39,5  ml,  26.9  ml  NaOH  (T  =  0.019589). 

Found  <7o;  P  15.8,  16.0.  CeHijOgP.  Calculated  ‘T'o-  P  15.7. 
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Addition  of  diethylphosphorous  acid  to  methyl  acrylate.  16  grams  of  diethylphosphorous  acid  and  10 
g  of  methyl  acrylate  were  used  in  the  reaction  in  the  presence  of  sodium  ethylate,  the  procedure  being  the 
same  as  T^a:  aei- iibed  in  the  preceding  experiment.  Fractionation  of  the  reaction  mixture  yielded  21.8  g  of 
the  metiiyl  este;  of  8 -diethyl -phosphopropionlc  acid  (Table  1,  Compound  2). 

0.1240  g  substance,  0.1342  g  substance:  30.8  ml,  33.5  ml  NaOH  (T  =  0.019589).  Found  P  13.5, 

13.6.  CjHnOgP  Calculated  P  13.8. 

Saponification  of  the  methyl  ester  of  8-diethylphosphoptopionic  acid.  3.8  g  of  the  ester  was  heated 
to  130-140*  for  8  hours  with  40  ml  of  1:1  dilute  hydrochloric  acid.  This  yielded  2.2  g  of  ethyl  chlodde  (2.1 
g  beii^  called  for  theoretically).  The  hydrochloric  acid  was  eliminated  by  repeated  evaporation  of  the  reac¬ 
tion  mixture,  with  distilled  water  added  after  each  evaporation.  When  the  reaction  mixture  was  evaporated 
to  small  volume,  white  crystals  settled  out,  which  had  a  m.p.  of  172-173*  after  double  rccrystallization  from 
water  and  drying  in  air. 

0.1368  g  substance:  50.3  ml  NaOH  (T  =  0.019589).  Found  P  20.0.  CsHjOiP.  Calc.  P  20.1. 

Addition  of  diisobutylphosi^orous  acid  to  methyl  acrylate.  The  reaction  was  carried  out  with  14.6  g 
of  diisobutylphosphorous  acid  and  6  g  of  methyl  acrylate  in  the  presence  of  sodium  diisobutylate.  The  yield 
was  15.8  g  of  the  methyl  ester  of  6'diisobutylphosphopropionic  acid  (Table  1,  Compoimd  3). 

0.1022  g  substance; 21.3  ml  NaOH  (T  =  0.019589).  Found  P  11.3.  CuHkC^P.  Calc.<5b:  P  11.1. 

Addition  of  dibutylphosphorous  acid  to  methyl  acrylate.  A  saturated  solution  of  sodium  butylate  in 
butyl  alcohol  was  added  a  drop  at  a  time  to  a  mixture  of  8.3  g  of  dibutylphosphorous  acid  and  4  g  of  mediyl 
acrylate.  The  reaction  involved  the  evolution  of  considerable  heat.  A  total  of  approximately  1  ml  of  the 
butylate  solution  was  added.  Fractionation  of  the  reaction  mixture  yielded  9.4  g  of  the  methyl  ester  of  6-dibutyl- 
phosphopropionic  acid  (Table  1,  Compound  4). 

0.0944  g  substance:  19.6  ml  NaOH  (T  =  0.019589).  Found  <5l>:  P  11.4.  CjjHigOjP.  Calc.<5b:  P  11.1. 

Addition  of  dialkylphosphorous  acids  to  vinyl  acetate.  1.  Addition  of  dimethylphosiAorous  acid. 

A  saturated  solution  of  sodium  methylate  in  methanol  was  added  very  slowly,  a  drop  at  a  time,  to  a  reaction 
mixture  consisting  of  8.6  g  of  vinyl  acetate  and  11  g  of  dimethylphosphorous  acid  placed  in  an  Arbuzov 
flask.  The  reaction  caused  the  reaction  mixture  to  warm  up  considerably;  characteristic  crackling  was  aud¬ 
ible  when  the  first  few  drops  of  the  methylate  were  added.  The  sodium  methylate  was  added  until  the  reac¬ 
tion  mixture  did  not  heat  up  any  longer,  a  total  of  about  20  drops  being  added  in  the  course  of  30  minutes. 
Fractionation  of  the  reaction  mixture  yielded  14.1  g  of  6-dimethyliiiosphoethyl  acetate  (Table  2,  Compound  1). 

0.1312  g  substance,  0.1284  g  substance:  38.6  ml  NaOH,  38.1  ml  NaOH  (T  =  0.019589).  Found 
P  16.0,  16.1.  CeH^OgP.  Calculated  ‘jb;  P  15.7. 

2.  Addition  of  diethylphosphorous  acid.  9  g  of  vinyl  acetate  and  13.1  g  of  diethylphosphorous  acid 
were  used  for  the  reaction  in  the  presence  of  sodium  ethylate,  which  was  carried  out  as  specified  above. 
Fractionation  of  the  reaction  mixture  yielded  12.5  g  of  8-dlethylidiosphoethyl  acetate  (Table  2,  Compound  2). 

0.1160  g  substance:  29.5  ml  NaOH  (T  =  0.019589).  Found  <?b;  P  13.8.  CgHnOjP.  Calc.<5b:  P  13.8. 

3.  Addition  of  diisobutylphosphorous  acid.  4.3  g  of  vinyl  acetate  and  9.3  g  of  diisobutylphosphorous 
acid  were  used  in  this  reaction,  which  was  carried  out  in  the  iMresence  of  sodium  isobutylate.  The  reaction 
was  much  quieter,  with  less  heat  evolved,  than  in  the  first  two  experiments.  Fractionation  of  the  reaction 
mixture  yielded  7.6  g  of  6-diisobutylphosphoethyl  acetate  (Table  2,  Compound  3). 

0.1320  g  subsunce;  27  ml  NaOH  (T  =  0.019589).  Found '5b;  P  11.1.  CuHjgOgP.  Calc.<5b;  P  11.1. 

4.  Addition  of  dibutylphosphorous  acid.  The  reaction  was  carried  out  with  15  g  of  vinyl  acetate  and 
11  g  of  dibutylphosphorous  acid  in  the  presence  of  sodium  butylate.  The  yield  was  9.5  g  of  6-  dibutylphos- 
phoethyl  acetate  (Table  2,  Compound  4). 

0.0944  g  substance;  19.6  ml  NaOH  (T  =  0.019589).  Found  <5b;  P  11.4.  CaHttOjP.  Calc.'5b:  P  11.1. 

SUMMARY 

1.  It  has  been  shown  that  the  dialkylphosi^orous  acids  are  added  to  methyl  acrylate  and  vinyl  acetate  in  the 
presence  of  alcoholates  of  the  alkali  metals,  giving  rise  to  the  corresponding  methyl  esters  of  a,8-dlalkylphospho-- 
propionlc  acid  and  to  6  -dlalkylphosphoethyl  acetates. 

2.  The  dialkylphosphorous  acids  are  not  added  to  vinyl  butyl  ether  in  the  iwesence  of  alcoholates  of  the 
alkali  metals  or  of  phosi^oric  acid. 
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Pr?0  TOREACTIONS  OF  ORGANOMET  ALLIC  COMPOUNDS 


OF  MERCURY  IN  SOLUTIONS 

iX.  THE  REACTIONS  OF  p-DIANISYLMERCURY 

Yu.  A.  Oldekop  and  N.  N.  Zolotareva 


In  oui  previous  reports  [1]  we  Investigated  the  photoreactions  of  diphenyl“,  dibenzyl o«ditolyl-, 
P'ditolyl?  a  tlinaphthylr  and  dimesitylmercury  in  various  organic  solvents,  findii^  certain  general  patterns  of 
the  behavior  of  the  various  radicals  in  photoreactions  occurring  in  organic  solvents.  The  organomercury 
compounds  tested  contained  radicals  of  aromatic  hydrocarbons,  which  possessed  no  functional  groups, 
attached  to  the  mercury.  We  were  interested  in  testing  the  influence  of  substituents  in  the  aromatic  ring 
upon  the  progress  of  tnese  photoreactions.  The  first  example  we  chose  was  p-dianisylraercury,  with  carbon 
tetrachloride,  chloroform,  and  methanol  used  as  solvents.  It  was  in  these  solvents  that  the  most  thorough¬ 
going  investigation  of  the  photoreacdons  of  the  other  mercury  derivatiLves  had  been  made. 

It  is  much  harder  to  get  a  photoreaction  of  p-dianisylmercury  than  the  reactions  of  the  diaryl-sub¬ 
stitutes  of  mercury  tested  previously.  This  is  evidently  due  to  the  extremely  sparing  solubility  of  p-dianisyl¬ 
mercury  in  these  organic  solvents,  p-  Anisylmercury  chloride  and  anisole  were  found  in  the  reaction  products 
of  out  tests  in  which  chloroform  was  employed.  This  reaction  may  be  pictured  as  follows.  At  first  we  have  a 
dissociation  into  the  p-anisyl  and  p- anisylmercury  radicals: 

(p-CH80C6H4)2Hg  +  hv  p-CH50C8H4Hg-  +_p-CH^,H* . 

These  radicals  then  react  with  the  chlorofomi: 

p-CH30CsH4Hg-  +  CHClj-^  P“CHjOC,H4HgCl  +  -CHCl*  ; 

p-  CHjCX:eH4-  +  CHClj  -1-  CHjCXgHB  +  CClj-. 

It  is  seen  that  this  photoreaction  is  quite  similar  to  the  reactions  of  Ar^Hg  in  chloroform  that  we 
investigated  previously.  This  analogy  no  longer  applies,  however,  to  the  photoreaction  in  carbon  tetrachlor¬ 
ide,  in  which  the  end  products  are  calomel,  anisole,  and  a  slight  quantity  of  urry  i^oducts. 

In  our  preceding  papers  we  have  shown  that  the  phenyl  and  tolyl  radicals  detach  chlorine  from  car¬ 
bon  tetrachloride,  producing  the  corresponding  chlorohydrocarbons  and  arylmercury  chlorides.  In  the  present 
instance,  the  radical  does  not  react  with  the  chlorine  in  the  carbon  tetrachloride,  but  detaches  water  from  the 
methoxy  group.  We  have  often  noticed  reactions  in  which  water  is  split  off  before  chlorine  is.  The  absence 
of  these  reactions  in  diphenylmercury  is  obviously  attributable  to  the  stability  of  the  C— H  bond  in  the  ben¬ 
zene  rlqg.  It  is  therefore  very  highly  likely  that  the  hydrogen  required  for  the  formation  of  anisole  comes  from 
the  CHs—  group  radier  than  from  the  ring.  A  similar  reaction  was  observed  in  the  a -dinai^thylmercury; 
it  is  the  second  naphthyl  radical  in  the  a'naphthyl  that  yields  naphthalene.  This  leads  to  the  following  set 
of  reactions  for  p-dianisylmercury: 

p-CHpCgH^Hg-  +  CC^-*- p-CHjOCgHt"  +  HgCl  +  -CCl,; 

ECHjOCgH*”  CHsOCgHg  + 

The  reaction  was  extraordinarily  slow  in  methanol,  probably  due  to  the  very  sparing  solubility  of 
p-dianisylmercury  in  this  solvent.  But  no  tar  was  formed  during  the  photoreaction,  notwithstanding  the  ex¬ 
tremely  long  exposure.  The  reaction  products  were  found  to  contain  anisole,  mercury,  and  formaldehyde. 

All  these  substances  could  have  been  predicted  from  the  reactions  of  A^Hg  with  methanol  investigated 
earlier,  so  that  a  reaction  resembling  that  for  the  mercury  derivative  investigated  previously  may  be 
advanced: 
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(p-CH50C6H4)2Hg  +  CHjOH  -►  2CH3CX:6H5  +  CH,0  +  Hg. 

These  findings  lead  us  to  assert  that  a  benzene  ring  containing  the  polar  CHjO—  group  exerted  no 
major  Influence  upon  the  course  of  the  reaction,  which  is  further  evidence  of  the  latter's  radical  nature. 

In  Ionic  processes,  the  Influence  of  the  CHjO— polar  group  ought  to  be  very  marked  In  the  processes 
Investigated. 

EXPERIMENTAL 

p-DIanlsylmercury  and  carbon  tetrachloride.  1.5  g  of  p-dianisylmercury  was  Irradiated  for  200  hours 
In  20  ml  of  carbon  tetrachloride.  The  p-dlanisylmercury  was  not  fully  dissolved  In  the  carbon  tetrachloride, 
so  diat  the  contents  of  the  quartz  test  tube  had  to  be  vigorously  shaken  up  from  time  to  time.  The  reaction 
mass  turned  brown,  with  noticeable  tarring 

After  the  reaction  was  over,  the  0.92  g  of  the  precipitate  was  filtered  out.  Hot  benzene  was  used  to 
extract  from  this  precipitate  0.34  g  of  unreacted  p-dianisylmercury,  representing  22  7  of  the  amount  used 
for  the  reactionj  its  meldng  proint.  proved  to  be  199*,  exhibiting  no  depression  when  mixed  with  the  known 
pure  product  The  substance  that  was  insoluble  In  benzene  proved  to  be  calomel  (blackened  by  concentrated 
ammonia)  weighing  0.58  g  or  68.2f;b  of  the  theoretical. 

The  filtrate  was  distilled  on  a  water  bath,  and  the  distillate  was  nitrated.  The  nitro  product  proved 
to  be  p-nitroanisole  with  a  ntp.  of  54*,  exhibiting  no  depression  when  mixed  with  pure  p-nitroanisole. 

p-Dianisylmercory  and  chloroform.  1,5  g  of  p-dlanisylmercury  was  irradiated  for  17  hours  in  20  ml 
of  chl(»oform,  the  solution  turning  yellow,  A  precipitate  settled  to  the  bottom  of  the  test  tube;  it  was  filt¬ 
ered  out  and  recrystallized  horn  acetone.  The  resultant  substance  had  a  m.p.  of  239*  and  proved  to  be 
p-anlsylmercury  chloride,  its  mixed  melting  point  with  the  pure  preparation  exhibiting  no  depression.  The 
yield  was  0.89  g  or  71,7^  of  the  theoretical. 

.  The  filtrate  was  distilled  on  a  water  baths  the  distillate  was  nitrated,  yielding  p-nltroanisole  with  a 
m.p.  of  54*,  which  exhibited  no  depression  with  the  pure  substance.  The  distillation  residue  was  the  unreac- 
ted  p-dianisyin..eicur>,  which  had  a  m.p.  ol  199“  after  reciystallizatlon  from  benzene  and  exhibited  no  de¬ 
pression  when  mixed  with  the  pure  product..  It  weighed  0.3  g  or  20.0‘Jb  of  the  initial  quantity. 

p-Dlanisyunercury  and  methanol.  1.5  g  of  p- dlanisyiraercury  was  irradiated  for  540  hours  in  20  ml 
of  methanol,  the  contents  of  the  test  tube  being  vigorously  shaken  up  from  time  to  time.  The  reaction  mass 
remained  colorless  despite  the  prolonged  radiation  time.  Metallic  mercury  settled  out  on  the  bottom  of  the 
test  tube  and  was  separated  from  the  unreacied  p-dlanisylmercury  by  dissolving  the  latter  in  benzene.  This 
yielded  0.34  g  of  metallic  mercury,  equivalent  to  47.2<5l»  of  the  theoretical,  and  0,69  g  of  unreacted 
p-anisylmercurv,  os  46.0^  of  the  initial  quantity.  Its  melting  point  was  199®  after  it  had  been  recrystallized 
from  benzene,  exhibiting  no  depression  when  mixed  with  known  p-dianlsylmercury. 

The  filtrare  was  distilled  on  a  water  bath,  the  distillate  being  diluted  with  water,  and  the  anisole 
extracted  with  carbon  tetrachloride  and  nitrated.  The  melting  point  of  the  nitro  compound  was  54*  (from 
aicoho!'  ^  it  exhibited  no  depression  when  mixed  with  pure  p-  nitroanisole.  The  alcoholic  solution  contained 
formaldehyde  (fucltsinsulfurous  acid,  silver  mirror). 

SUMMARY 

1.  When  a  solution  ot  p'<llanlsylmerc'dry  In  carbon  tetrachloride  is  irradiated,  calomel  and  anisole 
are  formed  as  the  result  of  the  detaching  of  hydrogen  from  the  methoxy  group. 

2.  Irradiation  of  p-dianisylmercury  in  chlmoform  yields  p-anisylmercury  chloride  and  anisole. 

3.  The  photoreaction  of  p-dlanisylmercury  in  methanol  yielded  anisole,  mercury,  and  formaldehyde, 
though  the  reacdon  was  extremely  slow  owing  to  the  sparing  solubility  of  the  mercury  compound. 
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i  i.L  PHO  rOUEACTlONS  OF  ORGANIC  COMPOUNDS 
OF  MERCURY  IN  SOLUTIONS 

X.  THE  REACTIONS  OF  DIMETHYLK^ERCURY 

G.  A. Razuvaev  ,  Yu . A , O Id ek op ,  and  Z  . N . M a nchi nova 


In  one  of  our  previous  papers  [1]  we  cited  the  photoreaction  of  dimethylmeicury  with  carbon  tetra¬ 
chloride,  in  which  methylmercury  chloride  was  produced.  We  have  made  a  more  thorough  study  of  these 
reactions  with  diaiylmeicury  derivatives.  The  reaction  involves  an  initial  dissociation  of  the  organomer- 
cury  compound  into  the  RHg-  and  R-  radicals. 


After  this  paper  of  ours  had  appeared  in  print,  several  articles  were  published  on  the  photoreactions 

of  dimethylmercury.  Corner  and  Noyes  [2],  for  example,  investigated  the  photolysis  of  dimethylmercury  at 

various  temperatures  and  pressures.  They  took  the  initial  process  to  be  the  formation  of  radicals,  followed 

by  a  thermal  reaction:  hx 

(CHj)jHg - CHjHg-  +  CH,'. 


CHjHg - CH,-  +  Hg. 

Ethane  is  formed  by  the  collision  of  two  methyl  radicals  or  by  the  reaction  of  the  methyl  radical  with  di¬ 
methylmercury.  In  the  latter  case  methane  may  also  be  produced  by  the  detachment  of  hydrogen  from  a 
methyl  radical  of  the  dimethylmercury.  Phibbs  and  de  Darwent  [3]  made  a  study  of  the  photoreaction  of 
dimethylmercury  with  hydrogen  in  the  gas  phase,  which  takes  place  as  follows; 

(CH,),Hg-^  2CH,-  +Hg. 

CH,-  +  H,  CH4  +  H-, 

H-  +  (CH,),Hg  — ►  CH4  -I-  CH,-  +  Hg. 

Ethane  is  formed  in  a  side  reaction: 


CH,-  (CH,),Hg  CjH,  +  Hg  +  CH,-, 

2CH,-  M  CjH,  -I-  M. 

At  high  temperatures  the  dimethylmercury  is  also  decomposed  thermally,  a  large  part  of  the  methyl 
radicals  being  "thermal". 

Corner  [4]  investigated  the  photo  reaction  of  dimethylmercury  with  n-butane  at  150-200®.  The  methyl 
radical  initially  formed  during  photolysis  then  reacted  with  the  butane,  detaching  hydrogen  from  it; 

CH,-  +  C4Hio-*“  CH4  -fC4H9- 
But  all  these  papers  deal  with  research  in  the  gas  phase. 

Bawn  and  Whitby  [5]  suggested  that  organometallic  compounds  of  silver  and  copper,  which  decompose 
very  readily  at  low  temperatmes,  be  employed  in  investigating  the  reaction  of  the  methyl  radical  in  solutions. 
But  when  we  decompose  methylsilver,  all  we  get  is  ethane,  no  reaction  with  the  solvent  taking  place;  the  decom¬ 
position  of  methylsilver  does  not  polymerize  styrene  or  methyl  methacrylate  All  this  is  indisputable  evidence 
that  no  methyl  radical  is  present  during  the  decomposition  of  methylsilver,  which  evidently  is  of  an  ionic 
nature.  Methylcopper  causes  the  polymerization  of  the  above-^nentioned  substances,  but  this  process  is  due  to 
copper  ions  rather  than  to  radicals,  Methylcopper  reacts  with  alcohol  when  no  air  is  present  without  forming 
any  aldehyde,  the  reaction  being  apparently  an  ionic  one. 

CH,Cu  -I-  CH,OH  - »-  Cu'^  +  CH^  -t  CHp  • 

The  methyl  radical  may  be  secured  in  solutions  by  the  Kharasch  reaction  [6],  involving  the  addition  of 
CoCl,  or  other  metallic  chlorides  to  organomagnesium  chlorides,  But  this  method  requires  the  use  of  specific 
reaction  conditions.  The  method  of  sec'iring  the  methyl  radical  by  decomposing  acetyl  peroxide  in  solutions 
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is  extremely  convenient,  the  equation  being: 

CHjCOOOCOCHj  — ►  CH3  •  +  COt  +  •  OCOCH,. 

Very  recently,  [7],  however,  doubts  have  arisen  whether  methyl  radicals  are  the  initial  product  of  the  de¬ 
composition  of  the  peroxide.  It  may  be  that  the  peroxide  is  dissociated  into  radicals  as  follows: 

CHgCOCHXOCH,  2CHjCOi, 

yielding  more  highly  stabilized  alkoxy  radicals,  which  then  react  with  the  solvent.  Then  the  methyl  radical  is 
produced  by  the  evolution  of  the  CO^  molecule. 

That  is  why  we  believe  *hat.  the  photolysis  of  dimethylmeicury  is  the  most  convenient  reaction  for  inves¬ 
tigating  the  behavior  of  methyl  radicals  in  solutions. 

The  initial  reaction  is  die  detaching  of  one  methyl  group: 

(CHg)*Hg  - CHsHg-  +CH, 

That  a  me»h.ylme.<  cury  radical  has  been  formed  is  proved  beyond  the  shadow  of  doubt  by  its  reactions  with  halogen - 
containing  solvents.  Like  an  AiHg  radical,  the  CHgHg  radical  detaches  a  halogen  atom  from  the  solvent.  Thus,  in 
experiments  run  in  a  carbon  teuachloride  or  chloroform  solution,  methyimercury  chloride  is  produced,  methyl- 
mercury  iodide  being  formed  in  a  methyl  iodide  solution,  in  solvents  that  contain  no  halogen,  methyimercury 
breaks  down  further  into  mercury  and  a  methyl  radical 

In  a  methanol  or  chloroform  solution  the  methyl  radical  reacts  with  hydrogen,  giving  rise  to  methane, 
formaldehyde  being  detected  in  the  methanol  solution  and  hexachioroeihane  in  the  chloroform  solution.  Thus, 
the  outlines  of  the  frfiorxrreactions  for  dimetbylmercury  remain  the  same  as  ihose  we  put  forward  earlier  for  ArjHg. 

When  the  dimethylmercirry  reaction  is  carried  out  in  methyl  iodide,  methyimercury  iodide  is  produced, 
as  has  been  stated  above.  Thus  two  methyl  radicals  are  set  free"  one  from  the  dimetbylmercury  and  the  other 
from  the  methyl  iodide.  We  might,  riierefore,  expect  ethane  to  be  formed: 

CHjHgCH,  +  ICHj  — CH,HgI  +  CjH* 

The  gas  evolved  in  the  reaction  is  methane,  however.  Hence,  the  methyl  radicals  react  with  the  solvent, 
detaching  hydrogen  from  it;  thiSS  this  reaction  is  similar  to  the  one  described  for  the  photoreaction  of  diphenyl- 
mercury  with  meiJhyl  iodide  in  a  methanol  solution  [8].  Only  when  the  photoreaction  of  dimetbylmercury  was 
carried  out  in  a  carbon  tetrachloride  solution  was  no  methane  formed.  In  this  case,  the  methyl  radical  reacted 
by  detaching  a  chlorine  atom  from  the  solvent,  producing  methyl  chloride. 

It  is  worthy  of  note  that  the  methyl  radicals  do  not  detach  hydrogen  from  benzene  or  2,2,4-trimethyl- 
pentane  under  the  conditions  we  have  described,  metallic  mercury  and  ethane  being  produced  in  photoreactions 
in  these  solvents.  The  reacdons  are  much  harder  to  carry  out  than  in  otliei  solvents.  When  dimetbylmercury  is 
irradiated  in  a  solution  consisting  of  a  methanol—  carbon  tetrachloride  mixture,  the  methyl  mercury  and  methyl 
radicals  formed  at  the  start  of  the  reaction  react  with  different  constituents  of  the  solvent.  The  equations  for 
the  reaction  are: 

CHjjHg  •  +  CCI4  — ►  CHjHgCl  +  CClj  •  , 

2CC1,  •  — >  CljCCClj, 

2CHj"  +CH,OH  — ►  2CH4  +  CH,0. 

This  experiment  proves  that  the  methyl  radicals  must  exist  in  the  solution  for  some  time,  reacting  selectively. 

EXPERIMENTAL 

Dimethylmercury  and  methanol  A  solution  of  1.5  g  of  dimetbylmercury  in  20  ml  of  methanol  was  placed 
in  a  quartz  test  tube  connected  to  a  gas  buret  and  irradiated  with  a  mercury  quartz  lamp  for  40  hours.  Gas  was 
evolved  during  the  reaction,  215  ml  being  collected.  Gas  analysis  indicated  that  the  gas  was  methane.  The 
evolution  of  metallic  mercu.ry  in  the  photolysis  of  the  dimethylmercury  during  the  reaction  was  highly  interesting: 
the  mercury  settled  out  continuously  as  extremely  small  drops  on  the  bottom  of  the  test  tube,  so  that  a  substantial 
drop  of  mercury  had  accumulated  on  the  test-tube  bottom  by  the  end  of  the  reaction.  The  drop  was  filtered  out; 
it  weighed  1.0  g  (70^0  of  the  theoretical  yield).  Formaldehyde  was  found  in  the  filtrate  (dimedon  derivative  with 
a  m.p.  of  189*), 
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Dlmethylmercu]t>i  and  2,2„4  trlmetbylpemane.  A  solution  of  1.5  g  oi  tljixethyimejiciity  in  7  ml  of  2,2,4‘'Tjii- 
methylpenrane  wa.s  irradiared  for  30  hours^  durln{T.  which  time  63  ml  of  a  gas  that  proved  to  be  ethane  was  col¬ 
lected.  The  metallic  mercury  produced  during  the  reaction  was  filtered  out;  it  weighed  0  55  g.  equivalent  to 
42%  of  tfie  'heoretical. 

Pirnethylmetcu'y  and  benzene,  i.5  g  uf  airoe-bvlrneicury  was  irradiated  In  20  ml  of  benzene  for  40  hours, 

37  ml  of  gas  beir.'g  collected  daang  this  tiinc.  Analyci.  that  !±.c  ga:  v  i:  ethare.  The  metallic  merc¬ 

ury  that  settled  out  duiing  -.i>e  tent -.ion  was  Sl  c'.ed  or  t;  i ;  wv^lghed  0.^  g,  cqulvulf  n..  to  31%  of  ite  theoretical. 

Dimetiiylme»cu8.>'  and  chloroform.  A  solution  of  i  5  g  oi  diuiethyimercury  in  7  ml  of  chloroform  was  ir¬ 
radiated  for  60  hoarSj  during  whicf  time  i20  ml  o.f  gas  was  collecred,  C'as  analysis  indicated  that  the  gas  was 
methane.  A  wliite  crystalline  .subsrance  wi  h  a  .slighr  gray  ccatirtg  of  rr’etallic  mercury  formed  inside  the  lest 
tube.  The  precipitate  was  filieied  out  and  recrysiaTizeu  from  dichioroethane  (ui  p.  e<hibidng  no  depres¬ 

sion  with  pure  methylmercury  chlo.ude  The  filtrate  was  disdlled  wi  h  steam,  a  wnire  crystalline  substance  with 
the  odor  of  camphor  solidifying  in  die  condenser.  Jr.  liad  a  m  p  of  184*  (in  a  sea'ed  capillary)  after  having  been 
sublimed  over  concentrated  sulfuric  acid,  exhibiting  no  depression  of  the  ine'ung  piuut  when  mixed  with  pure 
hexachloroe thane  Disrillation  of  the  residue  yielced  som  e  more  n  ctht'lmercii:'  cliloride,  the  aggregate  weight 
of  methyimercury  chloride  being  1  35  g,  or  83%  of  the  theoretic  al 

Dimethylmetcury  and  methyl  iodide.  A  solution  of  1.5  g  of  dimethylroercuiy  in  7  ml  of  methyl  iodide 
was  irradiated  for  50  hours  132  ml  of  gas  being  collected  during  :i)ar  time.  Gas  aiia.iysis  proved  that  the  gas  was 
methane  The  precipitate  formed  during  the  reaction  wa.s  filtered  out;  traces  of  r'.e  aUic  mercury  and  mercuric 
iodide  were  visible  in  it.  The  precipitate  was  recrystailizeu  Iron'  alcohol  (n.  p.  MS*)  exhibiring  no  depression 
of  the  melting  poin^  with  pure  rnethyimctcufy  chloride,  Ine  futiaie  was  dis:Iilea.,  the  residue  consisting  of  methyl- 
mercury  chloride,  with  a  ni. p.  of  145*,  'iie  total  weight  of  tlie  latte'  compouau  being  1  9  g,  or  85%  of  theory. 

Pimethylmercury  and  carbon  tetrachloride  1.5  g  of  dimiethylniercury  in  3  mi  of  carbon  tetrachloride  was 
irradiated  for  50  hours.  The  precipitate  (in  which  traces  of  mercury  were  observed)  was  filtered  out  and  re¬ 
crystallized  from*  dichioroethane  (m.  p  170'’),  exhibiting  no  depression  of  the  melting  point  when  mixed  with 
pure  methylmercu.'^y  chloride  During  r..he  experiment,  8  ml  of  ga'  was  collected  and  dis.<;olved  in  methanol. 

This  solution  yielded  a  precipitate  of  .silver  chlo  ide  when  allowed  to  s'and  wim  a  soi  pion  of  silver  nitrate.  No 
methane  was  found. 

The  filtiate  wa.s  distilled,  hexachloroetnane  so.’iUiiying  in  the  condense  ;  the  nexachlo roe  thane  was  extracted 
and  sublimed  over  sulfuric  acid;  i?:s  mi  p  was  184*,  exhibiting  no  depression  wnen  mixed  with  the  pure  preparation. 
The  residue  contained  me  Jiyimefcuty  chloride  (m.p.  i7G°).  exiiibidng  no  depression  of  rhe  melting  point  when 
mixed  with  the  pure  prodtict.  The  total  weight  of  rreThviir-erc.ufv  chloride  was  1  3  g,  o'  80%  of  the  theoretical 
yield. 

Dlmetbylrp.ercuty  in  rrethanol  and  carbon  tetrachloride  A  solution  of  1  5  g  of  dimethylmercuiy  in  3  ml  of 
methanol  and  3  ml  of  carbon  teliachloride  was  irradiated  for  'lu  nours,  80  ml  of  gas  being  collected  during  that 
time  Analysis  p'^oved  that  » he  gas  was  methane  The  crv.sialiine  precipitate,  which  contained  traces  of  metallic 
mercury,  was  filtered  out  and  recry-talli/ed  hom  alcohol  (rr  r.  17'^'’);  the  mixed  melting  point  with  pure  methyl- 
mercury  chloride  exhibited  no  aepre.sion  The  precipirate  wei.7.hed  0  8  g,  or  50%  of  the  theoretical  The  filtrate 
was  distilled,  forraaldenyde  being  found  in  the  distillate  (dimedon  derivative  with  a  m.p  of  189“)..  Hexachloro- 
ethane  (m  p  184")  was  exaacted  from  the  condenser,  its  mixed  melting  poim  with  the  pure  product  exhibiting  no 
depression. 

S  II  Kt  A  R  '• 

1.  It  has  been  proved  Idiat  din.e  in  Imcrci’.'-y  ii  bic,v‘':;  down  by  pnotolysis  into  me  CKj  *  and  CHgHg  radicals; 
the  reaction  is  the  saipe  as  that  for  l  =e  a.  y!.  cernpoandr  oi  .m  .  tcoiy 

2.  Diir>etbylmerci  -y  reac-.s  witr  rremtanol  W'c,;  ircadrs'.'d  b>  m-.'-,;  .'iolet  ligh'.,  yielding  methane,  mercury, 
and  formaldehyde. 

3.  The  photoieaction  of  dimefJiylm.ercury  wi  ii  chio'-ovon't:  yields  meihyln'crcury  chloride,  methane,  and 
hexachloroetnane, 

4.  When  dimetr.viiucrc  .j-y  is  itradiarc-d  in  u.:e  pvI.  iodide  ^ohnion,  it  -yields  me mercury  chlo-ide  and 
methane. 

5.  Irradiailon  of  dimethyiroe  cury  dissolved  in  carbon  tetracb-.onde  yields  meihyimercuiy  chloride,  methyl 
chloride,  and  hexachloroe  thane 
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6.  When  the  photoreaction  is  carried  out  with  dimethylmercury  dissolved  in  methanol  and  carbon  tetrachloride, 
photolysis  yields  the  CHjHg'  and  methyl  radicals,  which  react  with  different  components  of  the  solution.  The 
first  radical  reacts  with  the  carbon  tetrachloride,  yielding  methylmercury  chloride,  while  the  methyl  radical  reacts 
with  the  methanol  to  yield  methane. 
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r-JE  REACTION  OF  DTPHEN  ^  LMERC  TR  ^  WITH  M  E  T  A  LLIC  C  HLORID  ES 
THAT  DO  NO  i  STABLE  ORG  A  V:  O  NiFT  A  il  IC  COMPOUNDS 

C  A  R  a  z  w  V  a  e  V  and  M  S  Fedotov 


The  ladical  — halogcr  -’acJon  is  a  geneial  reaction  for  organoelietrienTal  compounds  of  considerable  practical 
interest,  inasnvjcli  as  it  inal<e  po  sible  rhe  synthesis  of  any  orpanoeieinenral  compound  Organometallic  com¬ 
pounds  of  metcutv  may  be  .ised  ,v.ccess.*'i:lly  for  thi<  purpose,  paTicalariy  wren  we  have  f.o  synthesize  an  organo- 
elemenral  corrpo.  nd  containir.g  fii’encual  groups  The  leacuon  of  oiganoraercuiy  compounds  with  halogen  deriv¬ 
atives  was  Jisr^d  to  prepare  o:ga''.if  coiTtPounds  of  boron,  thal'Jum  silicon,  tin,  phosphorus,  arsenic,  antimony,  bis¬ 
muth,  and  iodine  [i] 

When  ir.'eralhc  lalider,  wbict  do  rot  form  organometal'Jc  compounds,  are  used  in  the  reaction,  the  course  of 
the  reaction  changes  sha-p'y  I'oc  changes  produced  in  the  teacdonr,  of  organoinagnesi’arn  and  organolithium  com¬ 
pounds  by  the  addition  of  «;ight  art'oers  of  cobalt,  iron,  and  nr-auganese,  due.  to  rhe  forrnaaon  of  uastable  organo- 
metallic  compounds  that  Jhait  nicar'  ruvwn  yielding  free  radicai” 

RMgC.  :  CoC., - -  RCoCl  +  MgCI*:  RG.oC. -  R' +  CoCi“  , 

have  been  investigated  in  the  grcarc'’  derail  [2]. 

Recen'Ty  ^ome  organocobalr.  compounds  ha  .'e.  hr'-en  ptodvred  in  a  Giignard  reaction  from  cobalt  chloride  [3], 
The  singuJar  chcnlcai  reac;ior.«  of  organorragnclurr  and  otgar'Olithi  irr.  compounds  are  also  explainable  by  the  en¬ 
suing  processes  btoegb  r  aho:  t  'rv  the  R  and  CoCI-  radicals 

We  feh:  it  would  be  of  it'.retest  to  check  che  coctse  of  me  reac.lons  with  cobaltoiis,  ferric,  and  cupric  chlorides, 
as  well  as  with  other  organon  etallic  con-pouids  in  order  to  determine  how  far  these  processes  are  common  to 
them  all.  We  confined  oorseives  to  otganom-ercuiy  compounds  and  have  already  noted  many  examples  of  reactions 
that  involve  a  ssage  in  which  free  radicals  are  formed  [4],  Diphenylmercury  often  reacts  with  dissociation  into 
radicals^ 

(QHgljHg - Ccl%ag*  +  CeHg'  . 


Characterisiilc  of  the  phcir  yl  'adical  arc.  the  reactions  in  which  it  is  saturated  with  hydrogen,  coming  from  the 
solvent.  When  alcoholic  .solutions  of  dipheuylmercury  a-:e  )<ear.ed,  fo*  exa.nnple,  the  phenyl  radical  reacts  vrith  the 
alcohol,  yielding  bem.ene  anc  -tn  aldehyde  [5]  The  pbororea:  .icts  of  diphenylrr'erc'iry  with  alcohols,  erhylcello- 
solve  [6],  dio^ai/t  ['7],  aud  miorp  ,  ate  like  Te  PiCceding  ones.  Jfn  every  case  the  phenyl  radical  is  converted 
into  benzene  by  detaching  hydrogcu  h  yji  the  .solvent 

In  the  p.te.ent  research  we  have  inve-tiga  ed  the  reaction,  of  diphenylmercury  with  cobaltoiis  chloride,  ferric 
chloride,  and  c  p-ic  chIo.tidc  in  so. -ions  of  ethyiceiiotolve,  diosan?,  a'd  moipholine.  When  anhydrous  cobaltous 
chloride  i-  added  to  a  ’'ca  .ed  scl.,nor  of  dipncnylrrercury  in  tithylcci’osolve  and  the  mlxcure  is  cooled,  crystals  of 
phenyl  morcu.y  chio-ide  and  o'  -  c  -  comix)  md  settle  out.  Benzene  and  acetaldehyde  were  found  in  the  ethyl- 
cellos.olve  .sole  io  ’  The  phecv.’ c  '  hioride  was  removed  f;cm.  the  precipitaie  by  treati.og  the  latter  vrith  di- 
chloroefhane,  ..he  .'.esidue  corrsislr.g  of  ?re  cobal.  compour.d,,  w>'ic.h  was  ia.'oiuble  in  water,  though  readily  soluble 
in  acids  Cobab  hydroxide  was  p:cc.ipi'at!:d  from  'he  acid  solulon  by  an.  a.’kali,  pa»t;  of  the  soludon  was  driven 
off,  the  presence  of  emyl  .a'ceho,.  in  rbc.  disjjllate  beiog  p.ovtd  bs  an  iodoform  test..  A  chlorine  conrent  equivalent 
to  one  chlorine  atom.  \o  two  cobalt  a  oms  was  proved  in  the  iestita.nr  cerripourd  I:  was  thus  fo5ind  that  the  reac¬ 
tion  involves  the  splitang  of  one.  phe  nyl  radical  out  of  the  dipnenylm  ercuiy,  the  .radical  reacting  with  'he  solvent, 
ethylcelloso’ve,  'x>  ivoduc  ’  ber.'^ent  .and  acetaldehyde.  The  reaction  may  be  pict?ired  as  follows; 

(C5iH|i)2.Hg -r  CoC-;^  ^QH^CoCI;  C<jfiKCoCl-^  CijHs"  +  CoCl"  ; 

•'  CW,"  +CoCf - w  Qaj  +CKyCHO  +ClCc‘X.-^E^ 

The  con.>po'dtior  o*  x?  it;,. rant  cobalt  deriyadves  was  close  to  that  given  by  tne  formula  CojClOiCtH^,  how¬ 
ever  The  formation  of  .tis  cor  .pound  may  be  hypothetically  represented  by  tne  following  equation: 
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added  to  5.0  g  of  (CeH5)jHg  In  25.5  g  of  morpholine,  and  the  solution  was  refluxed  for  1  hour.  Phenylmercury  chlor¬ 
ide  settled  out  as  the  solution  cooled.  The  precipitate  was  filtered  out,  and  the  phenylmercury  chloride  was  separ¬ 
ated  from  the  cobalt  compound  In  the  usual  manner.  Distillation  of  the  filtrate  yielded  a  fraction  passing  over  up 
to  110*,  from  which  a  benzene  layer  separated  when  it  was  diluted  with  water.  Free  mercury  was  also  detected 
among  the  reaction  products.  This  yielded:  0.4  g  of  phenylmercury  chloride  with  a  m.p.  of  253*  (from  acetone), 

0.35  g  of  crude  benzene,  from  which  we  prepared  m-dinitrobenzene  with  a  m.p.  of  90*,  and  0.8  g  of  mercury.  The 
mixed  melting  points  of  the  m-dinitrobenzene  and  the  phenylmercury  chloride  exhibited  no  depression  when  mixed 
with  the  pure  products. 

8.  Reaction  of  diphenylmercury  with  morpholine  and  ferric  chloride.  2.0  g  of  FeCls  was  dissolved  in  18.0  g 
of  morpholine,  the  dissolution  being  very  violent,  with  the  evolution  of  considerable  heat.  Then  5.0  g  of  (C|H5)tHg 
was  added  to  the  solution,  and  the  whole  was  refluxed  for  3  hours.  A  gray  Incrustation  of  metallic  mercury  separated 
out  during  heating.  The  contents  of  the  flask  crystallized  upon  cooling.  The  tarry  liquid  portion  of  the  reaction 
mixture  was  decanted  and  distilled  with  steam,  a  layer  of  benzene  appearing  in  the  condensate.  The  tarry  residue 
was  dissolved  in  dilute  hydrochloric  acid,  metallic  mercury  settling  on  the  bottom  of  the  flask.  This  yielded 

0.87  g  of  mercury  (30.87o  of  the  theoretical)  and  0.77  g  of  benzene  (34.9^0  of  the  theoretical),  from  which  we  pre¬ 
pared  m-dinitrobenzene  with  a  m.p.  of  90*.  The  mixed  melting  point  of  the  latter  compound  exhibited  no  de¬ 
pression  with  a  pure  sample.  No  phenylmercury  chloride  was  found. 

9.  Reaction  of  diphenylmercury  with  morpholine  and  cupric  chloride.  2.0  g  of  anhydrous  CuCls  was  added  to 
5.0  g  of  (CfHg)|Hg  in  18.0  g  of  morpholine,  and  the  mixture  was  refluxed  for  3  hours.  As  the  solution  was  heated, 
its  dark-green  color  disappeared,  but  reappeared  upon  cooling.  Metallic  mercury  settled  on  the  bottom  of  the 
flask.  After  the  solution  had  cooled,  it  was  decanted  from  the  mercury  and  distilled  with  steam,  a  benzene  layer 
separating  from  the  condensate.  This  yielded  1.4  g  of  benzene  (63.5^  of  the  theoretical),  from  which  we  prepared 
m-dinitrobenzene  with  a  m.p.  of  88*.  Its  mixed  melting  point  with  a  pure  sample  exhibited  no  depression.  In 
addition,  we  secured  2.4  g  of  metallic  mercury  (84.9‘)(>  of  the  theoretical). 

From  the  reaction  products  of  diphenylmercury  with  morpholine  we  isolated  a  substance  that  partially  sublimed, 
and  crysuUized  from  the  individual  fractions  (during  fractionation  of  the  liquid  portion  of  the  reaction  product)  as 
well  as  from  the  aqueous  solutions  after  the  benzene  had  been  eliminated.  It  sublimed  readily;  m.p.  115*  (in  a 
sealed  capillary);  it  was  freely  soluble  in  water,  and  sparingly  so  in  benzene.  It  dissolved  violently  in  dilute  acids 
(HCl),  giving  off  CO|  and  yielding  morpholine  hydrochloride  with  a  m.p.  of  174*.  Its  mixed  melting  point  with 
the  salt  prepared  from  pure  morpholine  exhibited  no  depression.  Reacting  it  with  methyl  iodide  yielded  morpho¬ 
line  methiodide: 

Found  %  1  55.36,  54.04.  CsHaNOI.  Calculated  ojo:  1  54.16. 

Found  H  8.12,  8.26;  C  49.20.  49.00;  N  12.89,  12.82;  C,Hu04N|.  CalcuUted  H  8.26;  C  49.50;  N  12.83. 

The  analysis  and  properties  of  this  substance  indicated  that  it  was  morpholine  carbonate,  which  was  borne  out 
by  the  preparation  of  the  carbonate  by  reacting  CO|  with  morpholine.  The  carbonate  sublimed  readily  and  fused 
at  114-115*  in  a  sealed  capillary. 

SUMMARY 

1.  When  a  solution  of  diphenylmercury  in  ethylcellosolve  or  dioxane  is  heated  with  cobaltous  chloride  or 
ferric  chloride,  it  yields  phenylmercury  chloride  and  benzene,  due  to  the  reaction  of  the  phenyl  radical  with  the 
solvent. 

2.  When  a  solution  of  dii^enylmercury  in  ethylcellosolve  or  dioxane  is  heated  with  cupric  chloride,  the  reac¬ 
tion  yields  phenylmercury  chloride,  chlorobenzene,  and  cuprous  chloride. 

3.  When  a  solution  of  diphenylmercury  in  morpholine  is  heated  with  ferric  chloride,  cupric  chloride,  or  cobalt¬ 
ous  chloride,  benzene  is  formed  and  metallic  mercury  is  thrown  down.  The  reaction  probably  involves  reducing 
processes  that  occur  when  complex  salts  of  metallic  chlorides  and  morpholine  are  heated. 
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THE  S"rNT  HFS:-S 
OF  RING'HAIOG£>mATED 


r.^:E  poi  ^ vFRTz a&xe: IT 

UERV^  A  IT*- ES  OF  ST'^.REJiE 


S>  NTHESTS  Of  RING  DiCHlORTVATED  SItRENES 
K?,M  Kqioits  i  N  Sairsonova,  and  f  S  fiorinrjfy 


The:e  are  uoi  rnarty  papei'i  in  >he  llrerairore  on  ^he  Dvnrb.esi'  and  p-oper-de*  ct  die  dichlor.osr«Tenes  [IJ. 

Of  all  tne  pof.db.lfc  isomet.s  of  die  dicblo?os?.y^ep.e5;,  fv  is  rlie  :yviie<i-,  of  dichlorcs-.y.ene  diar  is  described 
in  gteaiaesf  derail  [2],  diougb.  a  raevhod  ot  syntherris  is  giver  foi  2,5  -dichlo..oscyr.ene  iha;.  sram  out  wiili  mater¬ 
ials  that  are  extremely  ditflcuit  to  procuie.  'We  have  endeat,o:  ed  to  ir.a]<e  a  s.rudy  of  riie  synthesis  of  the  di- 
chlorostyrenes  and  to  find  a  general  method  of  p-epadr  g  the  isomeric  dichlorosrv  enes,  viz  ,  2,4  dichloro- 
styrene;  E.S  dichJoiostyrene;  and  3,4“dich]oio$'y;:ene, 

EXPERIMENTAL 

I.  Synthesis  of  2 , 5 -D  ic  hlor  o&tyr  ene 

1  P?epa!:atiori  of  2,5“dichloroace::Qphenone.,  L68..0  grams  of  p-dichlorobenzene  wav  mixed  with  308.0 
g  of  anhydrous  aiuminum  chloride,  and  180.0  g  of  acetyl  chloride  was  added  The  mixture  was  heated  to  130" 
on  an  oil  baih  for  3  hours.  The  reaction  mixcvre  was  decomposed  by  pouring  ice  and  dilute  HCl  over  the  mix- 
tme,  after  which  it  was  extracted  with  CCl^j^,  washed  with  iO^  alRaii  and  with  water,  and  dried,  The  CCI4 

was  dilven  off,  and  the  residue  fiacrionated  in  vacuo  2,5T)ichloroacerophenone  has  a  b  p.  of  104  105*  at  2  mm. 
and  245-247'’  at.  atnrospheric  pressare;  its  m.  p.  ii  9-10*.  The  yield  was  102  .0  g,  o.r  46^  of  the  theoreflcal. 

2.  Preparation  of  2,5-dlchiorophenylmefhyicaibinoi.  50,0  g  of  2,5-dichloroacetophenorie  was  dis  ¬ 
solved  in  350  ml  of  isopropyl  alcohol,  75  ml  of  a  solution  of  aluminum  alcobolate  was  added,  and  the  whole 
was  heated  on  a  water  bath  for  6  hours.  This  drove  off  all  the  acetone  formed  and  a  large  p.art  of  the  iso¬ 
propyl  alcohoi  The  residue  was  chilled  witii  ice,  acidulated  with  10%  HCl,  extracted  with  benzene,  washed, 
and  dried,  after  which  the  benzene  was  driven  off,  and  the  residue  was  fracdonared  in  vacuo,  yielding  42.0  g 
of  2,5-dichlorophenylmeihylcarbinol  (84%  of  the  theo  e  ..cai)  w:*th  a  b„p,  of  117'  at  2  mm  and  a  m.p.  of  60“€2*. 

3,  Synthesis  of  2,5-dlchlorostyxene..  2,5T)ich  oiosty:.ene  v^aj.  synthesized,  with  a  yield  that  was  50-60%  1 

of  the  theoieficai,  by  dehydraiing  2,5-dichloropbenyrrrieihylcarhinol  above  ALjOu  at  350-400®  and  120  mm. 

mercury  column.  2,5-Dichlorostyrene  is  an  aromadc,  colorless  liquid  (with  "be  odo'  of  styrene);  its  b.p  is 
92-94“  at  5  mm  and  72-73"  at  2  mm;  its  specific  g  avity  at  20"  is  1.246.  Vt  it  ’cadily  polymerized. 

II.  Synthesis  of  2,4-DichlorostyTene 

The  2,4'-dichlorostyre.o.e  wa-  synthesized  bv  the  same  procedure  as  "hAr;  used  for  the  syn’hesi.s  of  he 
2,5“<iichior'OstyTenfc,  bat  starting  out  with  m  -dichlozobenzene.  The  yield  of  2,4  ch.ioroaceiopnencne,  with  a 
b.p.  of  122-124"  (12  mm)  was  50%  of  the  rheoredcal.  The  2,4-dichiotoacetoph.enooe  was  reduced  co  a  carb- 
inol,  the  yield  being  60%  of  the  rh.eo  erical.  The  b.p,  o^  2,4-dichlo-ophenylixeTh.y  caiblno’  was  126  128"  (7 
mm).  Dehydraring  fhe  2,4-dlcnio?ophenyimeiihylcarbinol  yielded  2,4-diclhLOrosfy’ene,  the  yierd  being  30%  of 
the  theoredcai. 

2,4-DichlorostyTene  is  a  co.lo.rteris,  aromatic  liquid  will),  a  b.p,  of  80-81"  at  6  mm  and.  a  specific  gravity 
of  1.249  at  20“,.  It  is  readily  polyirerized. 

III.  Synthesis  of  3,4-Plchlorosty;  ene 

The  conditions  used  in  synthesizing  3,4-dichloiostyrene  were  the  sarr  e  as  .hose  em.pioyed  for  2,5- 
dichloiostyrene,  but  o- dichlorobenzene  was  employed  as  the  inidal  ma  eriai  The  yield  of  3,4  dicbJo.ro- 
acetophenone,  with  a  b,p>  of  135*  (12  mm)  and  a  m  p  of  74" ,  was  64  5%  rhe  iheo’erical  Reducing  die 
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3,4-dichloroacetophenone  gave  us  73^  of  the  theoretical  yield  of  3,4-dichlorophenylmethylcarbinol,  with  a 
b.p.  of  126-127*  (2  mm)  and  a  specific  gravity  of  1.311  at  20*.  Dehydrating  the  3,4-dichlorophenylmethyl- 
carbinol  produced  75^  of  the  theoretical  yield  of  3,4-dichlorostyrene. 

3,4-Dichlorostyrene  is  a  colorless,  aromatic  liquid  with  a  b.p.  of  92*  at  6  mm  and  a  specific  gravity 
of  1.256  at  20*.  It  is  harder  to  polymerize  than  the  2,5-  and  2,4-dichlorostyrene. 

SUMMARY 

A  general  method  has  been  developed  for  synthesizing  2,5*dichlorostyrene,  2,4-dichlorostyrene, 
and  3,4-dichlorostyrene. 
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ISOMERIZATION  OF  SALTS  OF  CINNAMTLIDENEA  NILINE 


L.  Zaiukaev 


Ihe  so-called  "Scluff’s  bases*  are  no^;  always  basic.  Many  compounds  of  the  AiCH=NAr  type,  whose 
amine  ilngs  conr.ain  elecuonegative  .substitueni.s,  do  not  manifest  the  slightest  tendency  to  salt  foarmation  and 
are  actually  insoluble  in  acids.  Tt  et,  some  of  them  are  weakly  basic,  fomiing  unstable  addition  products  with 
strong  acids.  Lastly,  fairly  stable  salts  may  be  secured  in  sonse  cases,  able  to  stand  recryswllization  even  from 
boiling  water. 

Rete:ence  is  made  in  the  chemical  literature  to  (he  high  stability  of  the  addition  product  of  hydrogen 
chloride  to  cinnamylideneanlilne,  which  is  mentioned,  mote  particularly,  by  Izmailsky  [1], 

This  salt,  Cu^CH=CH~CH*N— Csf^/HCi,  is  readily  prepared  by  the  direct  action  of  strong  hydro¬ 
chloric  acid  upon  the  freshly  prepared  anil,  foUowed  by  rccrystallizatlon  of  the  reaction  product  from  hot 
water.  As  the  aqueous  solution  cools,  beautiful  golden-yeliow  needles  with  a  m.p.  of  147-148"  settle  out  (we 
have  found  the  m.p.  of  this  substance  to  be  151-152*), 

Synthesizing  the  analogous  sal?  of  orthoraethylcinnaroylideneaniiine  (m.p.  93-95“)  from  orthotoluidine, 
we  observed  an  appreciable  difference  in  the  behavior  of  these  salts  and  in  their  externa)  qualities.  The  anil 
salt  had  a  lighter,  golden  "quinone*  color  and  reacted  less  readily  with  a  soda  solution,  whereas  the  salt  of  the 
orthomethyl  anil  could  be  crystallized  from  hot  water  only  with  a  poorer  yield,  due  to  its  pronounced  hydro¬ 
lysis  into  its  original  constituents,  as  is  highly  characteristic  of  many  anil  salts.  This  led  us  to  suppose  that  the 
anil  is  not  the  primary  reaction  product,  but  rather  the  end  product  of  some  transformation  occurring  during 
heating  or  reciystallizatioa.  As  a  master  of  fact,  sdken  freshly  prepared  cinnamylideneaniline  was  triturated 
with  a  slight  excess  of  hydrochloric  acid  (sp.gr.  1.19)  at  room  temperature,  we  secured  an  orange-colored  mass, 
which  had  a  m.p.  of  80-82*  after  it  had  been  carefully  washed  with  water  and  dried  on  the  filter.  The  sub- 
sunce  greatly  resembled  the  salt  of  orthomethylcinnamylidene.  It  reacted  vigorously  with  a  soda  solution,  was 
much  more  soluble  in  water  than  the  substance  with  a  m.p.  of  151-152*,  threw  down  a  pronounced  precipitate 
with  AgNOj,  and  behaved  like  a  typlcai  salt  in  all  other  respects.  The  compound  displayed  a  positive  double¬ 
bond  reaction  widi  permanganate. 

It  may  well  be  ifrat  the  most  interesting  property  of  this  substance  is  its  Insrablllty.  It  is  transformed 
into  the  substance  with  a  n:i.p.  of  151-152*  within  the  .q;>ace  of  about  24  hours.  This  is  why  the  low-melting 
salt  was  not  del  ected  by  previomTnvesEigators,  it  being  completely  transformed  into  the  high-melting  product 
when  recTystailized  from  hot,  water. 

We  have  been,  able  to  observe  this  Txansldon  directly,  utilizing  the  differing  solubilities  of  the  salts  in 
water.  This  was  done  by  placing  a  test  tube  conrainJng  an  aqueous  solution  of  the  low  -melting  form  saturated 
in  the  cold  in  a  beaker  of  water.  As  the  beaker  wav  slowly  heated  on  a  water  bath  at  55*,  the  contents  of  the 
test  tube  quick].y  turned  cloudy  ,  fhiowlRg  down  crystals  of  another,  less  soluble  form,  which  tedissolved  as 
heating  was  continued;  when  the  solution  was  cooled,  nothing  but  the  substance  with  a  m.p.  of  151-152* 
settled  out. 

The  parameihylani.1  yielded  different  results:  no  matter  what  experimental  conditions  were  employed, 
the  only  salt  it  yielded,  was  one  with  a  m.p.  of  168-170*,  whose  properties  greatly  resembled  those  of  the  high- 
melting  anil  salt,  especially  in  its  being  able  to  stand  recrystaliization  from  bot  water  without  suffering  any 
change  in  its  properties  or  its  melting  point.  The  salt  of  the  paramethylanil  exhibits  no  tendency  toward  con¬ 
version  into  another  iosm. 
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We  also  found  that  the  property  of  forming  two  kinds  of  salts  is  not  peculiar  to  cinnamylideneaniline. 
Our  experimental  data  are  listed  in  the  following  table. 


TABLE 


I  M.p. 

Amine 

Acid 

Low-melting  form 

High-melting 

form 

Aniline . f 

p-Toluidine.  .  .  < 
o-Toluidine  .  .  .  L 

1 

Hydrochloric  < 

80-82" 

Not  formed 

93-95" 

151-152" 
168-170" 
Not  formed 

p-Bromoaniline.. 

Hydrobromic 

101-103 

143-144 

p-Chlotoaniline  P 
p-Anisidine  .  .  .  \ 
m-Aminophenol  L 

Hydrochloric  ^ 

Not  tested 

Not  formed 

105 

158-159 

158-159 

Not  formed 

As  with  the  orthomethylanil, 
the  other  low^llelting  salts  are  dark- 
yellow  or  orange,  are  readily  hydro¬ 
lyzed  into  an  aldehyde  and  an  amine 
when  boiled,  react  vigorously  with  a 
soda  solution,  liberating  carbon  di¬ 
oxide,  and  are  freely  soluble  in 
water.  The  high-melting  isomers, 
on  the  other  hand,  are  golden-yel¬ 
low,  remain  practically  unhydro¬ 
lyzed  when  boiled,  react  less 
strongly  with  a  soda  solution 
(sometimes  the  only  way  to  secure 
the  base  is  to  let  the  salt  stand  for 
a  long  time  in  a  soda  solution), 
and  are  much  less  soluble  in  water. 


The  behavior  and  properties  of  the  salts  indicate  that  their  formulas  are; 


+  _ 

[CgIV::H=CH— CH=NHCgHfe]Cl 

(I) 

Low-melting  modification 


CgHgCHCH— CH=N= 

(U)  “ 

High-melting  modification 


We  investigated  the  brominadon  of  cinnamylideneaniline  to  secure  experimental  confirmation  of  the 
foregoing  structure. 

This  brominadon  was  first  performed  by  Schiff  [2],  who  secured  a  yellow  powder,  which  he  stated  had  a 
m.p.  of  175*  after  recrystallizadon  from  alcohol  and  was  a  dibromide,  according  to  his  analysis.  Schiff  assigned 
it  the  structure  of  C^HsCHBr — CHBr— CH=N— CgHg  tor  no  apparent  reason  whatsoever. 

James  and  Judd  [3]  returned  to  this  problem.  By  reacdng  bromine  with  cinnamylideneaniline  dissolved 
in  glacial  acedc  acid  they  secured  an  orangC'^ellow  powder  with  a  m.p.  of  196-198",  which  was  decomposed  by 
sodium  ethylate  into  parabromoaniline  and  cinnamaldehyde.  This  led  the  authors  to  conclude  that  Schiff’s 
formula  was  wrong,  as  the  cinnamaldehyde  was  regenerated,  although  they  themselves  proposed  to  refrain  from 
settling  the  problem  of  the  stmcture  of  the  dibromide  conclusively,  confining  themselves  to  the  formula 
C^— CH=CH— CH=N— CgHj-Brj . 

We  repeated  the  bromination  of  cinnamylideneaniline,  again  doing  so  in  a  glacial  acetic  acid  solution. 
The  very  first  batches  of  the  halogen  produced  the  strong  precipitation  of  an  orange  precipitate,  which  was 
filtered  out  after  the  end  of  the  reaction,  washed  with  glacial  acetic  acid,  and  dried  in  air.  The  substance 
fused  to  a  red  liquid  at  166-167".  Its  properties  resembled  those  of  the  low-melting  salts  of  cinnamylideneani¬ 
line,  being  freely  soluble  in  water,  insoluble  in  ether,  evolving  carbon  dioxide  violently  when  reacted  with 
soda,  being  partially  hydrolyzed  when  boiled  in  water,  yielding  ciimamaldehyde,  but  undergoing  very  rapid 
change  when  stored.  When  reciystallized  from  hot  water,  it  yielded  a  conversion  product,  a  substance  with  a 
m.p.  of  143-144".  The  hydrobromide  of  patabromocinnamyUdeneaniline,  prepared  from  the  parabromoanil  and 
hydrobromic  acid  (m.p.  101-103“)  and  converted  into  the  high-melting  form  (m.p,  143-144")  by  recrystalliza¬ 
tion,  exhibited  no  depression  of  the  melting  point  when  mixed  with  the  substance  we  had  synthesized;  their 
properties  were  wholly  alike,  and,  hence,  they  were  identical. 

The  fact  that  the  dibiomide  of  ciimamylideneaniline  and  the  hydrobromide  of  the  parabromoanil  pre¬ 
pared  in  tjie  cold  were  two  different  substances  but  both,  exhibited  the  properties  of  salts  and  both  were  con¬ 
verted  into  the  same  substance  when  recrystallized  is  convincing  evidence  that  their  structure  must  be  that  of 
(HI): 
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[C«H5CH=CH— CH=NBrCgHg]Br  , 
+  - 

[qjH5CH=CH-CH=NHCgH^r]  Br 


C*HgCH=CH— CH=N=  o< 


H- 

Br- 


Br 


(HI) 


It  is  not  impossible  that  the  lovr-melilng  fonr.  of  the  hydrobromide  of  the  parAbromoanil  occurs  as  a 
transient  intermediate  product  of  the  conversion  of  the  dibrotnide.  Another  variant  Of  the  dibromide’s  structure 
is  theoretically  possible:  C^HgCHCH—CHBr—NBr— but  it  must  be  discarded.  Jhe  saltlike  nature  of 
the  substance  is  prime  evidence  against  this  structure. 

We  have  found  the  same  state  of  affairs  to  prevail  when  the  anil  Is  chlorinated.  The  hydrochloride  of 
parachlorocinnamylldeneaniline  with  a  m..p.  of  158“  159®  (after  recrystallization  from  water)  corresponds  with 
the  cinnamylideneaniline  dichloride  synthesized  by  Staudinger  [4]  in  all  its  properties.  This  justifies  our 
adopting  the  structure  of  the  two  forms  of  the  hydrohalides  of  cinnamylideneaniline  set  fordi  Above. 

EXPERIMENTAL 

1.  Cinnamylideneaniline.  9.3  g  (0. 1  mole)  of  freshly  distilled  aniline  was  dissolved  in  15  ml  of  96^ 

alcohol.  13,2  g  (0.1  mole)  of  cinnamaldehyde  diluted  with  an  equal  quantity  of  alcohol,  was  added  to  the 
solution.  The  mixture  was  gently  heated,  turning  into  a  yellow  mass  within  a  few  minutes.  After  recrystal¬ 
lization  from  alcohol  the  substance  fused  into  a  transparent  liquid  at  106-107*.  The  yield  was  of  the 
theoretical.  , 

4.271  mg  substance:  0.265  ml  Nj  (19",  761  ml).  3.9l4  mg  substance:  0.216  ml  Nj  (19*,  766  mm). 

Found  N  7.17,  6.50.  CjgH|sN,  Calculated  "ifc;  N  ^.76. 

Cinnamylideneaniline  is  an  unstable  substance,  quickly  turning  red  when  exposed  to  air  and  acquiring 
an  intensive  isonitrile  odor.  For  this  reason  a  freshly  prepared  product  was  employed  in  all  our  subsequent  ex¬ 
periments.  The  anil  is  decomposed  even  faster  when  exposed  to  sunlight.  It  does  not  distil  with  steam,  but  is 
gradually  hydrolyzed,  so  that  the  distillate  always  is  found  to  contain  aniline  and  cinnamaldehyde  plus  (at 
times)  a  minute  amount  of  cinnamic  acid.  Analysis  after  storage  for  two  years  in  a  colorless  bottle  gave  no 
indication  of  a  homogeneous  substance.  Analysis  fo;.  niaogen  after  one  month  of  storage  yielded  the  following 
results; 

3.800  mg  substance;  0.286  ml  Ng  (IT",  765  mm).  3.743  mg  substance;  0.250  ml  Nj  (16®,  786  mm). 

3.547  mg  substance;  0.243  ml  (17®,  744* mm).  Found  N  8.92  ,  7.86,  7.93.  C15HJ3N.  Calculated 
N  6,76.  In  other  words,  it  is  the  part,  df  the  compound  that  is  poorer  in  nitrogen  that  decomposes.  - 

An  attempt  to  secure  the  anil  in  an  aJJiailne  mediunii  was  unsuccessful,  the  greenish  product  that 
resulted  turning  into  tar  when  we  tried  to  lecover  it  in  the  pure  state. 

2.  The  hydrochloride  of  the  anil.  The  best,  of  all  the  methods  tried  out  for  synthesizing  a  salt  of  cinna¬ 
mylideneaniline  consists  of  triturating  the  freshly  prepared  anil  with  a  slight  excess  of  hydrochloric  acid  (sp.gr. 
1.19)  at  room  temperature.  This  yielded  an  orange  colored  mass,  which  was  washed  in  as  little  water  as  pos¬ 
sible  and  dried  between  sheets  of  filter  paper  and  then  for  a  long  time  in  air,  after  which  its  m.p,  was  80-82*. 

The  salt  readily  undergoes  change  in  storage,  uldmately  turning  into  a  substance  with  a  m.p.  of  149-161®  after 
standing  for  24  hours.  This  change  takes  place  in  the  solid  phase  in  a  desiccator  above  HJSO4,  in  the  open 
air,  and  in  a  sealed  ampoule,  it  takes  place  most  rapidly  when  heated  in  a  solvent,  especially  in  water. 

Numerous  analyses  of  the  substance  failed  10  yield  satisfactory  results,  the  percentage  of  nitrogen  fluc¬ 
tuating  from  4.5<^  to  5.5<5i>,  as  against  the  5.1i?}o  calculated  for  CaHisN^HCl. 

The  substance  is  freely  soluble  in  water,  hydrolyzing  partially  when  its  aqueous  solution  is  heated  and 
yielding  cinnamaldehyde  (phenylhydrazone,  m.p.  168®)  and  aniline  (bleaching  powder  reaction),  the  residue 
turning  into  the  high^nelting  product.  It  reacts  like  a  true  salt  with  carbonates,  liberating  COj  as  well  as  die 
original  anil. 

This  substance  may  be  secured  by  directly  reacting  cinnamaldehyde  with  aniline  in  concentrated  hydro¬ 
chloric  acid.  In  one  instance  it  was  secured  quandtatively  by  poaring  a  mixture  of  13.2  g  of  cinnamaldehyde  and 
10  ml  of  hydrochloric  acid  (sp.gr.  1.19)  into  an  equimolecular  quantity  of  aniline. 

A  saturated  NaCl  solution  throws  down  the  salt  from  its  aqueous  solutions. 
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3.  Isomerization  product  of  the  anil  hydrochloride.  The  substance  produced  by  recrystalllzlng  the 
clnnamylideneaniline  hydrochloride,  known  in  the  literature  as  the  anil  salt  with  a  m.p.  of  147-148",  actually 
has  a  ntp.  of  151-152*.  Its  color  is  golden-yellow.  It  is  much  less  soluble  in  water  than  the  original  substance, 
and  it  reacts  very  slowly  with  a  soda  solution  Its  crystals  turn  green  when  exposed  to  air  and  exhibit  an  exces¬ 
sively  low  value  for  the  percentage  of  nitrogen. 

4.643  mg  substance;  0.204  ml  N,  (14“,  757  nun).  Found  N  5.21.  CuH^N-HCl.  Calc.<5fc:  N  5.75. 

When  this  salt  is  reacted  with  alkalis  or  soda,  it  yields  a  slightly  greenish,  almost  colorless  base  with  a 
m.p.  of  110".  The  base  is  completely  stable  in  air  and  has  no  isonitrile  odor.  When  it  is  recrystallized  from 
alcohol  or  merely  heated,  it  is  transformed  into  the  usual  form  of  cinnamylideneanlUne  with  a  m.p.  of  106- 
107  *.  In  none  of  its  otner  properties  does  it  differ  from  clnnamylideneaniline. 

Both  of  these  salts  are  soluble  in  alcohol  and  acetone  and  insoluble  in  ether.  When  reduced  with  tin  in 
a  hydrochloric  medium,  both  of  them  break  down  into  their  constituents;  aniline  and  cinnamaldehyde. 

4.  Paramethylcinnamylideneanlllne  and  orthomethylcinnamylideneanillne  and  their  salts.  The  para- 
methylanil  was  prepared  in  alcohol  by  pourii^  together  equlmolecular  quantities  of  paratoluidine  and  cinna¬ 
maldehyde;  its  m.p.  was  83*  after  recrystailizatlon  from  alcohol  In  contrast  to  the  anil  proper,  it  does  not 
acquire  the  odor  of  an  isonitrile  upon  standing,  although  it  does  undergo  a  change. 

We  were  able  to  isolate  the  salt  only  in  one  form.  It  had  a  m.p.  of  168-170*  whether  isolated  in  the 
cold  or  after  recrystallization  from  alcohol. 

3.814  mg  substance;  0.178  ml  N,  (ir,  753  nun).  Found  N  5,44.  C^HuN  •  HCl.  Calc.<7o;  N  5.44 

The  base  regenerated  from  the  salt  had  a  m.p.  of  83-84*,  but,  as  in  the  case  of  the  anil,  its  color  was 
not  the  original  yellow,  but  rather  slightly  greenish,  and  underwent  no  change  even  when  kept  for  months 
exposed  to  air.  It  may  be  supposed  that  the  substance  is  converted  into  the  usual  form  that  is  stable  in 
storage,  even  betore  it  reaches  its  melting  point,  as  we  have  seen  in  recrystailizatlon  from  alcohol, for  example. 

The  orthomethylanll  vas  prepared  similarly;  its  m.p.  was  73*.  This  substance,  on  the  other  hand, 
yields  nothing  but  the  low  melting  salt,  m.p,  93-95*.  It  is  largely  hydrolyzed  when  recrystallized  from  water, 
but  again  melts  at  93-95*. 

4.000  mg  substance;  0.194  ml  N,  (16%  762  mm).  Found  <5b;  N  5.67.  CijHjsN-HCl.  Calc.'jk;  N  5.44. 

The  salts  of  both  of  these  methylanils  are  likewise  unstable,  imdergoing  change  when  exposed  to  air, 
finally  being  converted  into  an  amorphous  mass. 

5.  Paramethylcinnamyiideneaniline  methiodide.  2.21  g  (0.01  mole)  of  paramethylcinnamylideneanillne 
was  dissolved  in  ether  to  which  a  few  drops  of  benzene  had  been  added.  Twice  die  theoretical  quantity  of 
methyl  iodide  was  then  added  to  the  solution.  Fifteen  days  later  the  red-brown  crystals  were  filtered  out  and 
boiled  with  ethyl  alcohol.  The  substance  fused  at  196",  without  decomposition,  to  a  black  liquid.  It  is  ex¬ 
tremely  stable,  withstanding  brief  heating  over  a  naked  flame,  but  then  decomposing  with  the  evolution  of 
yellow  fumes.  It  is  nearly  insoluble  in  alcohol,  remaining  unchanged  in  boiling  water.  It  does  not  react  with 
bicarbonate  in  the  cold  or  when  boiled.  Microscopic  examination  showed  cubic  prisms. 

3.347  mg  substance;  0.120  ml  1^  (18*,  745  mm).  Found  *55)?  N  3.74.  C0Hj(NI.  Calc.'jlc  N  3.85. 

6.  Brominating  clnnamylideneaniline.  4  14  g  (0.02  mole)  of  the  anil  was  dissolved  in  25  ml  of  glacial 
acetic  acid.  A  solution  of  3.6  g  of  bromine  in  glacial  acetic  acid  was  gradually  added  to  the  cherry-ted  sol¬ 
ution,  causing  the  precipitation  of  a  deposit  that  resembles  the  anil  salts.  The  m.p.  was  166-167*  after  wash¬ 
ing  with  acetic  acid  and  drying  on  the  filter.  It  dissolves  in  water  like  a  typical  anil  salt  and  is  hydrolyzed 
when  its  solution  is  heated,  liberating  cinnamaldehyde.  It  changes  fairly  rapidly  when  exposed  to  air  and 
yields  a  base  when  reacted  with  bicarbonate. 

Like  all  the  anil  salts,  it  does  not  yield  satisfactory  results  upon  analysis,  owing  to  its  comparatively 
rapid  decomposition. 

4.086  mg  substance:  0.108  ml  N,  (16*,  772  mm).  Found  %;  N  3.17.  CuHuNBr,.  Calc.<5fc;  N  3.81. 

Two  days  later  analysis  yielded  different  findings; 

3.800  mg  substance:  0.173  ml  N,  (16*.  779  mm).  Found  ‘Ji):  N  4.36. 
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Recrystallizing  the  salt  from  water  converted  it  into  another  form,  with  a  m.p.  of  143-144*,  which 
proved  to  be  parabromocinnamylideneaniline  hydrobromide. 

The  latter  salt  was  synthesized  by  a  different  method  for  the  sake  of  comparison 

We  first  synthesized  the  parabromoanil  from  cinnamaldehyde  and  parabromoaniline  (m.p.  120-121*) 
and  then  secured  the  salt  itself,  with  a  m.p.  of  101-103*,  by  reacting  the  product  with  hydrogen  bromide  in  the 
cold.  This  salt  is  readily  transformed  into  the  higher-melting  form,  its  m.p.being  143-144*  after  recrystal¬ 
lization  from  hot  water. 

The  appearance  and  the  properties  of  this  salt  and  of  the  cinnamylideneaniUne  dibromide  are 
identical.  Their  mixed  melting  point  is  143-144*,  without  depression. 

7.  The  p-chloroanil*s  hydrochloride.  The  hydrochloride  of  the  parachloroanil  was  synthesized  ana¬ 
logously.  Its  m.p.  was  158-159*  after  recrystallization  from  hot  water,  which  corresponds  to  the  *dichlorlde* 
of  cinnamylideneanlline  (m.p.  158*)  described  in  the  literature  and  prepared  by  chlorinating  the  anil 
directly  The  salt  is  likewise  unstable  in  air,  gradually  undergoing  a  change,  though  recrystallization,even 
from  boiling  water,  yields  extremely  minute  quantities  of  cinnamaldehyde  and  the  amine,  l.e.,  practically 
no  hydrolysis  takes  place.  All  of  its  properties  and  its  appearance  are  the  same  as  those  of  the  anil's 
dichloride. 

The  action  of  alkalies  and  of  soda  regenerates  the  initial  parachloroanil  in  a  slightly  greenish 
form,  which  is  as  stable  in  air  as  the  corresponding  forms  of  the  other  anils  described  above. 

SUMMARY 

1.  A  study  has  been  made  of  the  isomerization  of  salts  of  cinnamylideneanlline. 

2.  Formulas  are  suggested  for  the  structure  of  the  resultant  products. 

3.  A  study  has  been  made  of  the  bromination  of  cinnamylideneanlline  and  the  structure  of  the  resultant 
substances  has  been  demonstrated. 
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THE  SYNTHESIS  OF  ra-^MINO(HYDROX  Y)-PHENYL«  fl -(METHYLAMINO)-ETHANOLS 
AND  THE  CATALYTIC  REDUCTION  OF  in-NITROACETOPHENONE 


S.I.  Serglevskaya  and  G.A.  Ravdel 


In  order  to  synthesize  m-aminophenyl-S  -(methylainino)-ethanol  (m*NH(C|H^:^OHCl%NHCI^),  which 
has  not  been  described  in  the  literature,  we  chose  a  procedure  in  which  we  first  condensed  m«nitrO‘‘<>>-broino* 
acetophenone  with  benzylmethylamine  and  then  reduced  the  resulting  amino  ketone.  This  procedure  seemed 
to  us  to  be  convenient  because  of  the  availability  of  the  initial  substances:  m*nltroacetophenone  and 
m-nitro-co-bromacetoi^enone.  Our  experiments  on  the  condemation  of  m>nltro»6s*bromoacetophenone  widi 
benzylmethylamine  showed  that  the  reaction  was  concluded  widiin  3  hours,  the  yield  of  the  refined  amino 
ketone  hydrochloride  reaching  68-702  of  the  theoretical. 

The  next  suge,  the  catalytic  hydrogenation  of  m-nitro-c0-(methylbenzylamino)-acetophenone,  is  more  com¬ 
plicated  than  the  hydrogenation  of  the  analogous  aryl  (methylbenzylaminoalkyl)  ketones  that  are  not  ring-substituted 
or  whose  rings  contain  hydroxyl  groups,  since  in  this  case  the  molecule  contains  the  readily  reduced  nitro  group,  in 
addition  to  the  benzyl  and  carbonyl  group.  In  the  hydrogenation  of  m-nltro-(methylbenzylamino)-acetophenonewidi 
palladium  black  at  atmosi^eric  pressure  and  at  20-25*  all  the  5  moles  of  hydrogen  required  for  the  formation  of  m- 
aininophenyl-8-(methylamino)-ethanol  were  absorbed,  though  the  reaction  was  clearly  of  a  step-by-step  nature:  the 
first  three  moles  of  hydrogen  were  absorbed  very  quickly,  after  which  the  reaction  slowed  down  somewhat,  the  last 
mole  of  hydrogen  being  absorbed  extremely  slowly.  The  quantity  of  hydrogen  absorbed  quickly  (3  moles)  seemed  to 
show  that  the  nitro  group  was  first  reduced,  though  the  literature  suggested  [1]  diat  this  was  followed  by  the  reduction 
of  the  benzyl  group,  with  the  carbonyl  group  the  last  to  react. 

To  test  this  hypothetical  reaction  sequence  we  ran  experiments  in  which  hydrogenation  was  broken  off 
after  only  3  moles  of  hydrogen  had  been  absorbed  and  after  4  moles  had  been  absorbed.  The  first  reaction 
yielded  m-amino-eo^methylbenzylamino}-acetophenone  dihydrochlotide,  the  second  yielding  m-amino-eo- 
(meihylamino)-acetophenone  dihydrochloridei  these  findings  corroborated  our  reasoning. 


When  m-nitro-(o-(methylbenzylamino)-acetophenone  was  hydrogenated  (again  at  atmospheric 
pressure)  with  a  Raney  nickel  catalyst,  only  the  nitro  group  was  reduced,  the  resultant  m-amlno-a»<methylbenzyl- 
amino)-acetophenone  hydrochloride  being  recovered  as  its  acetyl  derivative.  As  for  the  m-aminophenyl-0- 
(methylamino)-ethanol,  it  was  rather  difficult  to  secure  its  dihydrochloride  in  crystalline  form,  which  is  in 
conformity  with  the  dau  in  the  literature  on  similar  compounds.  The  substance  was  purified  by  repeated 
reprecipitation  of  its  ester  from  alcoholic  solutions,  a  colorleu  powder  being  ftnrned  after  prolonged  standing 
in  a  vacuum  desiccator  above  PgO|}  we  were  unable  to  determine  the  melting  point  of  this  powder  owing  to 
its  extremely  high  hygroscopicity.  The  structure  of  m-aminophenyl-E  -(methylaminol-edunol  was  proved  by 
diazotizlng  it  and  converting  the  diazo  compound  into  an  azo  dye  by  coupling  it  with  0-naphfiiol  and  by  de¬ 
composing  it  with  water  into  racemic  m-hydroxyphenyl-0  -methylaminoethanol  (hydrochloride).  Though  the 
latter  has  been  described  in  the  literature,  it  was  synthesized  as  follows  for  the  sake  of  a  complete  comparison: 


m-OkNC^i^CHi-**  H|NC|H^OCH|-^  HCX:|H^OCH, 


I 


CH|  CH| 

C,K/:OCI%N<  - ►  HOC,H^OCH,N< 


NiHgCiHi 


HOC^i^OHCH^NHCHt 


In  carrying  out  these  reactions,  the  new  factor  was  the  catalytic  reduction  of  m-  nitroacetophenone. 

The  catalyst  used  was  either  palladium  on  charcoal  or  Raney  nickel.  The  nickel  catalyst  is  particularly  useful 
for  reactions  involving  large  quantities.  The  method  of  catalytic  reduction  of  m- nitroacetophenone  possesses 
many  advantages  over  the  noncatalytic  methods  cited  in  the  literature  [2].  The  m-aminoacetophenone  pro¬ 
duced  by  this  method  has  a  m.p.  of  95-98*  and  is  fully  satisfactory  for  synthetic  piurposes;  its  yield  was  952 
of  the  theoretical. 

Nor  does  the  literature  contain  any  description  of  the  methods  of  synthesizing  and  the  properties  of 
some  intermediate  compounds  of  the  foregoing  set  of  reactions  [m-benzoyl-hydroxyacetophenone,  m-benzoyl- 
hydroxy- w-bromoacetophenone,  and  m-ben2oylhydroxy-ca“(methylbenzylamino)-acctophenone],  so  that  we 
have  cited  them  in  the  experimental  section  of  this  paper. 

The  m-hydroxyphenyl-8-(methylamino)-ethanol  hydrochloride  synthesized  by  the  above  method 
proved  to  be  identical  with  the  compound  synthesized  from  m-aminophenyl-d  -(methylamino)-eihanol  by 
diazotizing  it  and  decomposing  die  diazo  compound. 

EXPERIMENTAL 

The  initial  substance,  m-nitrobromoacetophenone,  was  prepared  by  brominating  m-nltroacetophenone 
dissolved  in  chloroform  [3].  The  m-nitro-(o-benzylmethylaminoacetophenone  hydrochloride  was  prepared  as 
follows;  4  g  of  m-nitio-  (u-bromoacetophenone  and  24  ml  of  absolute  benzene  were  placed  in  a  three-necked 
flask  fitted  with  a  stirrer  and  a  calcium  chloride  tube  and  chilled  to  3^*,  after  which  3.96  g  of  benzylmethyl- 
aminc  was  added  a  drop  at  a  time  to  the  chilled  mixture.  The  mixture  was  stirred  for  4  hours,  and  then  the 
precipitated  benzylmethylamine  hydrochloride  was  filtered  out.  The  yield  was  3.08  g;  the  yield  should  have 
been  3.28  g  theoretically.  The  benzene  was  driven  off  from  the  filtrate  in  vacuo  on  a  water  bath  at  a  bath 
temperature  of  30-40*,  the  remaining  reddish  hyaline  substance  being  dissolved  in  absolute  ether.  The  ether 
solution  was  filtered,  and  an  ether  solution  of  hydrogen  chloride  was  added  to  it  from  a  buret,  which  caused 
a  light*Yeliow,  readily  deliquescent  precipitate  to  settle  out.  The  substance  had  a  m.p.  of  171-177*  with 
decomposition  after  filtration  and  washing  with  acetone.  The  yield  was  3.6  g  or  a  68.7  yield.  After  recryst- 
alUzation  from  a  mixture  of  absolute  ethyl  alcohol  and  methanol  (3;1),  m-nltro-o-benzylmethylaminoaceto- 
phenone  hydrochloride  fused  at  178*  with  decomposition. 

4.932  mg  subsunce;  0.403  ml  (26.5*,  729  mm).  5.076  mg  substance:  0.400  ml  N|  (23.5*,  729.7 
mm).  Found  <5b.*  N  8.93,  8.71.  •  HCl.  Calculated  <Jb:  N  8.73. 

m -Ami nophenyl-  6  -methylaminoethanol  dihydrochloride.  1.2  g  of  PdClf‘21%0  was  dissolved  in  10 
ml  of  distilled  water  containing  5-6  drops  of  concentrated  hydrochloric  acid,  20  ml  of  ethyl  alcohol  was  added, 
and  the  whole  was  agitated  in  an  atmosphere  of  hydrogen.  2  grams  of  m-nitro-Cd*benzylmethylaminoaceto- 
phenone  hydrochloride,  dissolved  in  20  ml  of  ethyl  alcohol,  was  added  to  freshly  reduced  palladium  black, 
and  the  whole  was  agiuted  in  an  atmosphere  of  hydrogen  at  23'25*.  700  ml  of  hydrogen,  or  the  qpantity 
theoretically  required,  was  absorbed  during  1  hour  33  min.  After  the  absorption  of  hydrogen  stopped,  the 
catalyst  was  filtered  out  and  the  solvent  driven  off  in  vacuo,  leaving  behind  a  slightly  yellowish  oil,  which 
was  dried  in  a  vacuum  desiccator  above  P|0|  for  8-10  hours  to  eliminate  any  vestiges  of  moisture.  Adding 
ether  to  an  alcoholic  solution  of  the  substance  threw  down  a  colorless  amorphous  precipitate,  which  was  so 
hygroscopic  as  to  render  determination  of  iu  melting  point  impossible.  The  synthesized  amino  alcohol  was 
reprecipiuted  several  times  from  an  alcoholic  solution  by  ether  and  dried  in  a  vacuum  desiccator  above  P|0|, 
after  which  it  was  found  to  be  a  colorless  powder  that  rapidly  deliquesced  and  reddened  when  exposed  to  the 
air.  The  yield  was  0.81  g,  or  54f;b. 

The  m-amlnophenylmethylaminoethanol  dihydrochloride  is  freely  soluble  in  water  (without  being 
hydrolyzed)  and  in  absolute  alcohol,  its  alcoholic  solution  exhibiting  no  change  in  color  when  it  is  stored 
in  the  dark  for  2*8  weeks. 

•  4.862  g  substance:  3.93  ml  0.01  N  H,S04.  Found  <5^;  N  11.32;  C9H^N,*2HC1.  Calc.'Jt:  N  11.70. 

Coupling  witfi  6-naphthol.  0.63  g  of  the  oily  substance  secured  by  reducing  m -nitrophenyl-co- 
benzylmethylaminoacetophenone  (cf.  the  preceding  experiment)  was  diazotlzed  without  preliminary  purifica¬ 
tion.  The  substance  was  dissolved  in  12  ml  of  7%  hydrochloric  acid  and  diazotized  at  -3*  with  a  0.5  N  solu¬ 
tion  of  sodium  nitrite.  During  dlazotlzation  5.4  7  ml  of  the  0.5  N  sodium  nitrite  was  absorbed,  equivalent 
to  0.188  g  (the  theoretical  quantity  of  sodium  nitrite  required  for  diazodzatlon  being  0.21  g).  The  solution 


of  the  dlazo  compound  was  partially  neutralized  with  soda  and  slowly  poured  into  a  chilled  solution  containing 
0.35  g  of  0-naphthol  ;  a  bright-red  amorphous  precipitate  was  thrown  down;  it  was  filtered  out  3-4  hours  later, 
washed  with  small  amounts  of  cold  water,  and  dried  in  a  vacuum  desiccator.  The  dry  dye  was  triturated  a  few 
times  in  a  mortar  with  ether  to  eliminate  organic  impurities,  filtered,  and  dried. 

4.906  mg  subsunce;  0.513  ml  (21*,  728  mm).  3.305  mg  substance:  0.344  ml  N|  (22.5*,  735.5  mm). 

Found  <7ot  N  11.63,  11.64-  Ci,HiAN| * HCl.  Calculated^:  N  11.74. 

Conversion  of  m-aminophenyl-B-(mediylamlno)-ethanol  into  m-hydroxyphenyl-6-(methylamlno)-ethanol, 

0.3  g  of  m -ami nophenyl -(0-methylamlnoethanol  hydrochloride  (unrefined)  was  dissolved  in  25  ml  of  hydro¬ 
chloric  acid;  the  solution  was  chilled  to  3*  and  dlazotlzed  with  an  0.5  N  solution  of  sodium  nitrite  while  stirred 
(until  iodized  starch  paper  turned  blue).  Stirring  was  continued  for  another  10-15  minutes  to  complete  dlazoti- 
zatlon,  after  which  the  solution  was  slowly  heated  to  80*  on  a  water  bath  and  kept  at  that  temperature  until  no 
more  nitrogen  was  evolved.  The  solution  acquired  a  slightly  pinkish  color.  The  water  was  driven  off  in  vacuo 
to  dryness,  absolute  ethyl  alcohol  being  added  to  the  residue  and  the  residue  of  insoluble  sodium  chloride  filtered 
out.  The  alcohol  was  driven  out  of  the  filtrate  in  vacuo,  and  the  residual  mass  was  dried  in  a  vacuum  desiccator 
above  PfOg.  The  resultant  dark-brown,  oily  substance  was  dissolved  In  a  small  quantity  of  absolute  ethyl  alcohol, 
and  absolute  ether  was  added  until  the  solution  turned  cloudy.  After  some  time  had  elapsed,  an  oil  separated 
from  the  solution;  the  solution  was  decanted  from  the  oil  into  a  clean  flask,  and  ether  was  again  added  to  this 
solution  until  it  turned  cloudy;  some  40-50  minutes  later  pale-yellow  crystals  began  to  settle  out.  This  yielded 
0.09  g  of  a  substance  that  had  a  m.p.  of  131-136*  (with  decomposition).  When  absolute  ether  was  added  to  the 
mother  liquor,  another  0.04  g  of  a  more  faintly  colored  substance  with  a  m,p.  of  136-139*  (with  decompos- 
itiot)  settled  out. 

The  two  substances  were  combined,  and  were  purified  by  repeated  reprecipitation  from  an 
alcoholic  solution  with  ether,  yielding  a  colorless  crystalline  substance  with  a  m.p.  of  139-141*.  The  mixed 
melting  point  of  the  substance  thus  synthesized  with  the  m-hydroxyphenylmethylamlnoethanol  prepared  by  redu¬ 
cing  m-hydroxy-co-benzylmethylaminoacetophenone  exhibited  no  depression. 

8.035  mg  subsunce:  3.74  ml  0.1  N  H«S04.  Found  N  6.52.  Calculated  <^:  N  6.87. 

m-Amlno-(>>-benzylmethylamlnoacetophenone  dlhydrochlorlde.  1  g  of  m-nitro-to-benzylmetiiylamino- 
acetophenone  was  dissolved  in  40  ml  of  methanol  and  agluted  In  hydrogen  with  palladium  black,  prepared  by 
reducing  1  g  of  palladium  chloride.  Hydrogenation  was  broken  off  after  200  ml  of  hydrogen  had  been  absorbed 
within  10  minutes,  after  which  the  reaction  slowed  down  greatly  (210  ml  of  hydrogen  being  required  theoretically 
to  reduce  the  nltro  group).  The  caulyst  was  filtered  out,  the  solvent  was  driven  off  in  vacuo,  and  the  residue  was 
dried  in  a  vacuum  desiccator  above  P|0|.  We  were  unable  to  crysulllze  the  resulunt  light-brown  hyaline  mass 
The  subsunce  was  purified  by  converting  It  Into  a  base  by  adding  an  aqueous  solution  of  ammonia  until  iu  reac¬ 
tion  was  strongly  alkaline.  The  base  was  extracted  with  ether,  the  ether  solution  was  dried  with  potash,  and  then 
an  ether  solution  of  hydrogen  chloride  was  added  from  a  buret  a  drop  at  a  time  until  the  reaction  to  Congo  red 
was  acid.  The  dlhydrochlorlde  settled  out  as  a  colorless  fiocculent  preclpiute  that  quickly  deliquesced  In  air. 

The  preclpiute  was  washed  a  few  times  with  absolute  ether  and  dried  in  a  vacuum  desiccator  over  P|Og  The 
product  was  a  colorless,  extremely  hygroscopic  powder  Its  high  hygroscoplclty  made  it  impossible  to  determine 
Its  melting  point. 

6.696  mg  substance:  4.12  ml  0.1  N  HgS04.  8.087  mg  substance:  4.79  ml  0.1  N  H1SO4. 

Found  <%:  N  8.61,  8.29.  CiHuONf  •  2HC1.  CalculaUd<^;  N  8.56. 

m-Amlno-  co  -  methylamlnoacetophenone  dihydrochloride.  A  solution  of  2  g  of  m-nitro-«-benzylmethyl- 
ami  noacetophenone  hydrochloride  in  60  ml  of  ethyl  alcohol  was  added  to  freshly  reduced  palladium  black,  pre¬ 
pared  from  1.2  g  of  PdC]|-2H|0,  and  the  mixture  was  agluted  In  hydrogen  until  500  ml  of  hydrogen  was  absorbed 
(die  amount  theoretically  required  to  reduce  the  nltro  group  and  split  off  the  benzyl  group),  and  then  the  reaction 
was  Ixoken  off.  The  caulyst  was  filtered  out,  and  the  flltrau  was  evaporated  In  vacuo  to  dryness.  The  oily  residue 
was  dissolved  in  absolute  ethyl  alcohol  and  then  rubbed  with  a  glass  rod,  throwing  down  a  colorless  amorphous  pre- 
clplute,  which  was  filtered  out  and  washed  with  alcohol.  This  yielded  0.55  g  or  37*^  of  the  theoretical.  The  sub¬ 
sunce  was  purified  by  preclplutlon  with  acetone  from  a  methanol  solution.  Decomposition  temperature:  208*. 

4.110  mg  substance:  0.446  ml  Ng  (28.5*,  731.3  mm).  5.902  mg  subsunce:  7.024  mg  AgCl.  5.868  mg 

subsunce:  6.985  mg  AgCl. 

Found  N  11.79;  Cl  29.44,  29.45.  C,HnON|- 2HC1.  CalcuUted  N  11.81.  Cl  29.94. 


»)  The  coupling  solution  of  0-na];^thol  was  prepared  by  the  method  given  by  Flerz-Davld:  0.1  mole  of  d-naphthol, 
15  ml  of  a  ZQPh  solution  of  NaOH,  and  25  g  of  soda  were  dissolved  In  die  necessary  quantity  of  water. 


- - ^ ^ 

m-Acetylamlno- cj-benzylmethylamlnoacetophenone  hydrochloride.  0.5  g  of  m-nitro-  co  -benzylraethyl- 
aminoacetophenone  was  dissolved  in  20  ml  of  methanol,  and  the  solution  was  agitated  with  0.5  g  of  a  Raney 
nickel  catalyst  in  an  atmosphere  of  hydrogen.  110  ml  of  hydrogen  was  absorbed  in  6  hours  at  16-18*  (theoretically 
105  ml  of  hydrogen  was  required  to  neutralize  the  nitro  group)  after  which  further  absorption  of  hydrogen  ceased. 

The  substance  secured  after  the  catalyst  had  been  filtered  out  and  the  solvent  driven  off  in  vacuo  did  not  crystal¬ 
lize;  it  was  heated  on  a  water  bath  for  10-15  minutes  with  an  excess  of  acetic  anhydride,  after  which  a  small  por¬ 
tion  of  the  oily  product  was  transferred  to  a  watch  glass  and  triturated  with  acetone,  yielding  crystals  that  were 
utilized  as  seeds.  The  crystallized  mass  was  washed  with  acetone,  yielding  0.3  g  of  a  colorless  substance  that 
fused  at  193-195*  with  decomposition.  The  m.p.  of  the  substance  was  206-207*  after  recrystallization  from  absolute 
ethyl  alcohol;  it  was  freely  soluble  in  aqueous  ethyl  alcohol,  but  Insoluble  in  acetone,  ethyl  acetate,  or  petroleum 
ether. 


6.283  mg  substance;  3.64  ml  0.01  N  H1SO4.  3.345  mg  substance;  1.94  ml  0.01  N  H1SO4. 

Found  N  8.11,  8.12.  CigH,oO|N|  •  HCl.  Calculated  <^;  N  8.40. 

Catalytic  Reduction  of  m-Nitroacetophenone 

a)  Reducing  m-nitroacetophenone  with  10*^  palladium  on  charcoal.  1  g  of  m-nitroacetophenone  was  dis¬ 
solved  in  25  ml  of  ethyl  acetate  and  then  agitated  in  hydrogen  with  0.1  g  of  the  catalyst  at  room  temperature  (18- 
20*)  and  atmospheric  pressure.  During  the  course  of  20  minutes  410  ml  of  hydrogen  was  absorbed  (406  ml  being 
called  for  dieoretically).  The  catalyst  was  filtered  out,  and  the  solution  was  evaporated  in  vacuo,  yielding  m- 
ami noacetophenone  as  a  crystalline  precipitate  with  a  m.p.  of  89-91*.  Recrystallization  from  water  yielded  0.58  g 
of  m-aminoacetophenone  with  a  m.p.  of  94.5-96*.  The  yield  was  IV^. 

b)  Reduction  with  Raney  nickel.  We  ran  numerous  experiments  in  the  course  of  our  study  of  the  optimum 
conditions  for  reducing  m-nitroacetophenone  with  Raney  nickel.  The  best  conditions  are  described  below.  20  g  of 
m-nitroacetoi^enone  was  dissolved  in  150  ml  of  ethyl  acetate  and  then  agitated  with  10  g  of  the  catalyst  in  hydro¬ 
gen  at  20-25*.  The  theoretical  quantity  of  hydrogen  (8140  ml)  was  absorbed  within  90-120  minutes.  After  the 
catalyst  had  been  filtered  out  and  the  solvent  driven  off  in  vacuo  there  was  left  behind  in  the  flask  an  oily  substance 
that  quickly  crystallized;  m.p.  94-96*.  This  yielded  15.5  g  of  m-amlnoacetophenone  (94.7^). 

Synthesis  of  m-hydroxyphenyl-  6-(methylamin<^thanol.  m-Benzoylhydroxyacetophenone  was  prepared 
by  reacting  5.5  g  of  m-hydroxyacetophenone*  dissolved  in  25  ml  of  pyridine  with  1.5  g  of  benzoyl  chloride.  Re¬ 
crystallization  from  petroleum  ether  yielded  8.4  g  (86.6<)b)  of  colorless  acicular  crystals  with  a  m.p.  of  47-51*. 

The  m.p.  was  raised  to  52-63*  after  anodier  recrystallization  horn  a  queous  alcohol. 

3.069  mg  substance;  8.478  mg  CQg;  1.399  mg  HgO. 

Found  %  C  75.34;  H  5.10.  CuHuO,.  Calculated  %  C  74.99;  H  5.03. 

m-Benzoylhydroxy-  v>-bromoacetophenone.  **  We  used  10  g  of  m-benzoylhydroxyacetophenone  in  50  ml 
of  chloroform  and  7  g  of  bromine  in  10  ml  of  chloroform.  After  the  reaction  was  over  and  the  solvent  had  been 
driven  off,  the  residue  was  washed  with  small  portions  of  ether  and  then  recrystallized  from  alcohol.  This  yielded 
10.8  g  of  a  substance  with  a  m.p.  of  99-102*.  The  substance  was  fully  stable  toward  ethyl  alcohol,  freely  soluble 
in  acetone  and  chloroform,  and  sparingly  soluble  in  petroleum  ether  and  benzene.  A  sample  prepared  for  analysis 
had  a  m.p.  of  105-106®. 

0.2072  g  subsunce;  0.1212  g  AgBr.  0.2046  g  substance;  0.1198  g  AgBr. 

Found  V  Bt  24.89,  24.96.  CigHuO^r.  Calculated  <>K);  Br  25.05. 

m-Benzoylhydroxy-<»i  -benzylmethylaminoacetophenone  hydrochloride.  4  g  of  m-benzoylhydroxy-co-bromo- 
acetophenone  and  20  ml  of  absolute  benzene  were  placed  in  a  three-necked  flask  fitted  with  a  stirrer  and  a  calcium 
chloride  tube,  and  3.03  g  of  benzylmethylamine  was  added  drop  by  drop  to  the  suspension,  which  was  thoroughly 
stirred  and  chilled  externally  with  ice. 

Stirring  was  continued  for  3-4  hours,  after  which  the  precipiuted  benzylmethylamine  bydiobromide  was 
filtered  out.  The  yield  was  2.28  g,  theory  calling  for  2.4  g.  The  filtiate  was  evaporated  in  vacuo  to  dryness,  the 
residue  being  dissolved  in  absolute  ether.  The  ether  solution  turned  slightly  cloudy;  it  wa.s  filtered  through  a 
pleated  filter,  and  the  chilled  filtrate  was  stirred  while  an  ether  solution  of  hydrogen  chloride  was  added  from  a 


»  m-Hydroxyacetophenone  was  prepared  from  m-amlnoacetophenone  by  the  Rupe  and  Majewski  mediod  [4]. 
m  »  m-Benzoylhydroxy-oa-chloroacetophenone  is  employed  as  the  initial  substance  in  the  patents. 
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buret  until  the  reaction  to  Congo  red  was  acid.  The  light-yellow  amorphous  precipitate  of  m-benzoylhydroxy- 
ui-benzylmethylaminoacetophenone  that  was  thrown  down  was  highly  hygroscopic.  The  precipitate  was  trans¬ 
ferred  as  quickly  as  possible  to  a  filter  together  with  the  ether  and  washed  several  times  with  absolute  ether, 
always  leaving  some  ether  in  the  funnel.  The  precipitate,  moistened  with  ether,  was  dried  in  a  vacuum  desic¬ 
cator.  The  yield  was  3.88  g  {18,2/^).  The  substance  was  freely  soluble  in  absolute  ethyl  alcohol,  methanol, 
and  acetone,  and  insoluble  in  ether.  Its  aqueous  solution  hydrolyzed  readily.  The  unpurifled  m-benzoylhy- 
droxy-a>  -benzylmethylamlnoacetophenone  hydrochloride  was  then  analyzed. 

0.0403  g  substance:  7.3  ml  0.015  N  HCl.  Found  N  3.80.  C„HaOjN  •  HCl.  Calc.<^:  N  3.54. 

m-Hydroxy  - ua- benzylir  etJiylaminoaceeophenone  hydrochloride.  4  g  of  m- benzoyl-hydroxy- w-benzyl- 
methylaminoacetophenone  hydrochloride  was  refluxed  on  a  water  bath  in  a  round -bottomed  flask  for  6  hours 
with  10  ml  of  a  IQPjo  alcoholic  solution  of  hydrogen  chloride.  Driving  off  the  solvent  in  vacuo  left  behind 
a  dark,  oily  substance,  which  crystallized  when  chilled  or  when  a  small  quantity  of  acetone  was  added.  After 
recrystallization  from  absolute  ethyl  alcohol  the  m- hydroxy- oa- benzylmethylamlnoacetophenone  hydrochloride 
was  a  colorless  crystalline  subsunce  with  a  m.p.  of  200-201°  (with  decomposition).  The  yield  was  2.2  g  (75<^). 
The  substance  was  soluble  in  methaaol,  less  so  in  ethyl  alcohol;  freely  soluble  in  water,  and  insoluble  in  acet¬ 
one;  its  aqueous  solution  was  not  hydrolyzed. 

8.098  mg  substance:  0.353  ml  Nj  (21.5°,  737  mm).  7.578  mg  substance:  0.322  ml  1^  (22.5°,  739.5 
mm).  5.545  mg  subsunce:  2.675  mg  AgCl.  5.810  mg  substance:  2.855  mg  AgCl.  Found  N  4.90,  4.78; 

Cl  11.93,  12.20.  CieHnOtN  •  HCl.  Calculated N  4.80;  Cl  12.18. 

m-Hydroxyphenylmethylaminoethanol  hydrochloride.  1.15  g  of  m-hydroxybenzylmethyl-eminoaceto- 
phenone  hydrochloride  was  dissolved  in  50  ml  of  ethyl  alcohol,  added  to  freshly  reduced  palladium  black  (pre¬ 
pared  from  1  g  of  PdClf  *  2KtO),  and  agiuted  in  hydrogen  at  30*,  180  ml  of  hydrogen  being  absorbed  within 
20  minutes.  After  the  catalyst  had  been  filtered  out  and  the  solvent  had  been  driven  off  in  vacuo,  the  resulunt 
oily  substance  was  dried  for  4-5  hours  in  a  vacuum  desiccator  above  P1O5.  Subsequent  trituration  with  3  ml  of 
absolute  ethyl  alcohol  yielded  a  colorless  crysulline  precipitate.  The  yield  was  0.45  g  with  a  m.p.  of  140-141*. 
The  addition  of  absolute  ether  to  the  mother  liquor  yielded  another  0.28  g  with  a  m.p.  of  138-141*.  RecrysUl- 
Uzatlon  of  the  combined  precipitates  from  alcohol  yielded  0.67  g  (84^)  with  a  m.p.  of  141-142*. 

6.731  mg  substance;  3.30  ml  0.01  N  HgS04.  6. 758  mg  substance;  3.34  ml  0.01  N  H1SO4.  Found 
N  6.86,  6.92.  C,HisO|N-HCl.  Calculated  N  6.87. 

SUMMARY 

1.  m-Aminophenyl-3-(methylamino)-eihanol  has  been  synthesized;  the  structure  of  this  compound  was 
proved  by  converting  it  into  the  hydrochloride  of  the  known  m-hydroxyphenyl- 0  -(methylamlno)-ethanol. 

2.  m-Hydroxyphenyl-0“(methylamlno)- ethanol  has  been  synthesized  by  the  method  proposed. 

3.  A  method  is  given  for  synthesizing  m-amlnoacetophenone  catalytically. 

LITERATURE  CITED 

[1]  German  Patent  511469,  Frl.,  17,  2506  (1932);  German  Patent  518212,  Frl.,  17,  2507;  German 
Patent  521729,  Frl.,  17,  2509. 

[2]  R.  Camps. Arch.Pharm.,  240,  1  (1902);  H.  Rupe,  A.  Braun,  and  K.  Zembruski.  Ber.,  34,  3522  (1901). 

[3]  W.  Ewans  and  B.  Brooks.  J.  Am.  Chem.  Soc.,  30,  406  (1908). 

[4]  H.  Rupe  and  K.  Majewskl.  Ber.,  33,  3407  (1900). 

I 

Received  March  13,  1950  Urals  Branch  of  the  S.  Ordzhonikidze  All-Union 

Research  Institute  of  Pharmaceutical  Chemistry 


563 


THE  MECHANISM  OF  THE  WOHL  REACTION  FOR  SYNTHESIZING  PHENAZINE 


E. I.  Abi amo va  and  I.  Ya.  Postovsky 


The  occasion  for  our  consideration  of  the  Wohl  reaction  has  been  an  Interest  In  phenazlne  and  some  of 
Its  derivatives  as  raw  material  for  the  synthesis  of  microorganism  pigments;  pyocyanln  [1],  lodinin  [2],  and 
chlororaphln  [3]. 


In 

(U)  in  the 


the  Wohl  reaction  [4]  nitrobenzene  and  aniline  are  condensed  to 


presence  of  caustic  alkalies. 
/NO, 


v 


KOg, 


(I) 


H,N^ 


phenazlne  (I)  or  phenazlne  oxide 


•t-2H,0; 


H,0  H,; 


Wohl  assumed  that  nitrobenzene  was  isomerized  in  the  presence  of  a  caustic  alkali  Into  the  unsuble 
o-nitrosophenol  (III)  which  has  not  been  Isolated  up  to  the  present  time  (cf.  Diagram  I),  the  o-nitrosophenol 
reacting  with  aniline  to  yield  o-nltrosodiphenylamine  (IV),  which  is  converted  Into  phenazlne  oxide  (U)  when 
the  reaction  is  carried  out  at  120-125*  and  into  phenazine  (I)  at  a  higher  temperature  (140-160*).  The  yield 
of  (I)  (U)  was  about  \fi%  . 


Diagram  I 


t  Analogously,  derivatives  of  nitrobenzene  and  aniline  yield  substitution  derivatives  of  phenazine. 


y/dil  cited  the  following  findings  in  support  of  this  reaction  sequence. 

When  he  treated  a  water-alcohol  solution  of  the  tarry  precipitate  secured  in  the  reaction  with  carbon 
dioxide,  he  succeeded  in  isolating  p-nltrosophenylamine  (V)  as  a  by^oduct  alongside  the  phenazine.  Wohl 
considered  the  formation  of  this  compound  to  result  from  the  reaction  of  the  p- nltrosophenol  with  aniline  [5]; 


0«N 


ON. 


r 

V'  1 

KOH 

CaHsNHt^  1 

r  n 

s. 

Isomerization 

(V) 


It  was  this  fact  that  led  Wohl  to  believe  that  o~nitrosodiphenylamine  (IV)  was  the  intermediate  product 
in  the  synthesis  of  phenazine. 

This  supposition— ‘that  o-nltrosodiphenylamine  is  formed  as  an  intermediate  product— seems  probable, 
inasmuch  as  Wohl  succeeded  in  recovering  p-nltrosodlphenylamine.  Moreover,  the  synthesis  of  pheiuzine  by 
the  other  known  methods,  such  as  oxidizing  o-amlnodiphenylamlne  [6],  reducing  o-nitrodlphenylamine  [7],  or, 
finally,  fusing  a  mixture  of  o-nitrodiphenylamine  and  o*aminodiphenylamine  with  sodium  aceute  [8]  (cf. 
Diagram  2),  apparently  also  involves  the  formation  of  o-nltrosodiphenylamine  as  an  intermediate  product, 
though  it  cannot  be  isolated  because  of  its  instability. 


Diagram  2 


H 


In  assuming  that  o-nitrosodiphenylamine  is  formed  as  an  intermediate  product,  however,  Wohl  presup¬ 
posed  that  the  formation  of  dtls  compound  was  an  indispensable  prerequisite  for  the  isomerization  of  nitroben¬ 
zene  to  o- nltrosophenol  (cf.  Diagram  1).  Wohl  regarded  the  fact  that  the  action  of  poussium  hydroxide  on 
nitrobenzene  at  60-70*  produces  a  33^  yield  of  potassium  o-nltroidienolate  plus  a  small  amount  of  potassium 
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p>nitrophenolate  as  a  proof  of  such  isomerization.  (He  believed  that  the  nitro  compounds  were  secured  by 
oxidation  of  the  nitroso  compounds  formed  in  the  initial  reaction  stage  by  the  excess  nitrobenzene). 

This  supposition  cannot  be  regarded  as  correct  today,  for  we  have  learned  that  the  reaction  in  which 
nitrophenols  are  formed  from  nitrobenzene  by  fusion  with  an  alkali  must  be  considered  a  direct  hydroxylation 
of  the  nitrobenzene,  in  which  there  is  an  "illegal”  orientation  to  the  ortho  position  (see  below  for  substitution 
reactions  of  the  second  kind  [5].)  In  the  light  of  this,  WohTs  whole  reaction  sequence  falls  to  the  ground. 

To  discover  the  actual  course  of  the  reaction,  we  felt  it  was  first  necessary  to  make  an  experimental 
check  of  whether  potassium  o-nitrosophenolate  can  take  part  in  the  Wohl  reaction. 

Orthonitrosophenoi  is  a  highly  unstable  product,  exlsdng  only  in  solution.  We  have  shown  that  o-nltro- 
sophenol  in  solution,  prepared  as  specified  by  Baudisch  [9],  exhibits  no  tendency  to  enter  into  a  condensation 
reaction  with  aniline,  whereas  the  stable  naphthalene  analog  of  o-niirosophenol,  l-nltroso-2 -nap^thol,  does 
not  yield  even  a  trace  of  benzophenazine  when  reacted  with  aniline  under  the  conditions  specified  by  Wohl 
(140-160*,  KOH).  If  we  assume  that  l-nitroso-2 -naphthol  exists  primarily  as  the  monooxime  of  orthoquinone, 
then  condensation  with  aniline  ought  to  be  all  the  smoother.  Moreover,  we  have  shown  that  phenazine  can  be 
synthesized  from  nitrobenzene  and  aniline  without  employing  a  caustic  alkali,  provided  sodium  anilide  is 
used  in  the  reaction  Instead  of  aniline  and  die  caustic  alkali  and  the  reaction  is  carried  out  in  xylene. 

All  this  indicates  that  orthonitrosophenoi  can  hardly  be  an  intermediate  product  in  the  Wohl  reaction. 

Azobenzene  is  secured  as  a  by  -product  in  the  Wohl  reaction.  The  formation  of  this  compound  cannot 
be  explained  by  Wohl*s  reactions.  Nor  can  azobenzene  be  looked  upon  as  an  intermediate  product  capable  of 
closing  the  phenazine  ring,  since  we  have  found  that  heating  azobenzene  with  potassium  hydroxide  and  nitro¬ 
benzene  in  the  Wohl  reaction  conditions  does  not  yield  phenazine. 

Analyzing  all  these  findings  we  concluded  that  the  reaction  of  nitrobenzene  with  aniline  in  the  presence 
of  caustic  alkalies  (A.  Wohl)  or  of  sodium  amide  (Z.V.Pushkareva,  Agibalova  [10])  must  be  regarded  as  a  typical 
instance  of  a  substitution  of  the  second  kind,  i.e.,  an  inverted  orientation  of  the  nitro  group  when  acted  upon 
by  nucleophilic  reagents  (caustic  alkali,  sodium  amide)  These  reactions  result  in  the  formation  of  idienazlne 
or  of  phenazine  oxide  (cf.  Diagram  3). 

In  these  reactions  ihe  (OH)' and  (NHg)~ anions  attack  those  carbon  atoms  in  which  the  electron  density 
is  a  minimum  owing  to  the  polarization  of  the  nitrobenzene  molecule,  i.e.,  in  the  ortho  or  para  positions.  The 
following  reactions  are  Instances  of  this  sort; 


1)  The  above-mentioned  oxidation  of  nitrobenzene  to  orthonitrophenol  when  nitrobenzene  is  fused  wldi 
solid  potassium  hydroxide  [5]  in  the  air; 

2)  The  amlnatlon  of  1 , 3-dinltrobenzene  to  1 , 3 , 4 -dlnitroanlUne  [11]. 

3)  The  synthesis  of  p-nitrophenylcarbazole  from  nitrobenzene  and  carbazolesodium  [2]. 

4)  The  reaction  of  nitrobenzene  with  plperldinesodium,  yielding  p- nitro- N-phenylplperldlne  [3]. 

The  amlnatlon  and  hydroxylation  of  pyridine  and  quinoline  at  the  a  -  and  IS  -positions  to  the  hetero-  ^ 
cyclic  nitrogen  [14]  instead  of  the  usual  substitution  at  the  S-  position  are  other  Instances  of  this  type  of  reaction. 

»  The  nitrogen  in  the  pyridine  and  quinoline  rings  plays  the  same  part  in  orientation  as  the  nitro  group 
in  nitrobenzene. 
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Other  examples  might  be  cited  of  “illegal"  orientation,  such  as  the  hydroxylation  of  resorcinol  by  an 
alkali  [15],  the  hydroxylation  of  1-  or  2 -hydroxyanthraquinone  [16],  the  hydroxylation  of  6-anthraquinone- 
sulfonlc  acid  to  alizarin  when  fused  together  with  an  alkali,  and  the  condensation  of  benzenanthrone  in  fusion 
with  an  alkali  [17]. 

In  the  light  of  the  foregoing,  the  condensation  of  nitrobenzene  with  aniline  in  the  presence  of  a  caustic 
alkali  must  be  looked  upon  as  follows  (cf.  Diagrams  3  and  4). 


In  Diagram  3  the  (OH)~  anion  is  added  to  the  polarized  nitrobenzene  molecule  at  the  para  and  ortho 
positions  at  the  instant  of  chemical  reaction  (experiment  indicating  that  the  ortho  reaction  predominates). 

The  resultant  compounds,  _a^  and  a^  ,  have  a  hydroxyl  group  attached  to  a  saturated  carbon  atom  and  are 
quinols,  which  react  readily  with  aniline. 

The  quinanilides  b  and  are  converted  into  stable  benzene  compounds  by  the  splitting  off  of  a 
molecule  of  sodium  hydroxide  (c  and  c^).  As  for  the  side  reaction  in  which  azobenzene  is  formed,  this  may 
be  represented  as  involving  the  addition  of  a  molecule  of  sodium  hydroxide  at  the  nitro  group,  with  the  resultant 
addition  product  reacting  with  aniline  (cf.  Diagram  4,  a  and  b). 

First  azoxybenzene  is  formed,  turning  into  azobenzene  under  the  reaction  conditions.  (In  a  special  test 
we  have  shown  that  azoxybenzene  is  converted  into  azobenzene  at  140*  when  aniline  and  a  caustic  alkali  are 
present,  i.e.,  under  die  conditions  of  the  Wohl  reaction). 

The  addition  of  sodium  amide  to  the  nltrogroup  of  nitrobenzene  has  been  described  already  in  the 
literature  [18].  When  sodium  amide  is  reacted  with  nitrobenzene  for  a  long  time  in  the  cold,  sodium 
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diazotate  is  formed  (via  a  stage  in  which  an  addition  product 


+  NaNHj  — ► 


Na 


NaNHi 

-H»0 


C,HbN=N— ONa 


A  particularly  striking  example  of  a  reaction  involving  inverted  orientation  is  the  formation  of 
phenazlne  when  nitrobenzene  is  reacted  with  sodium  anilide.  By  so  doing  we  have  managed  to  secure  30-35^ 
yields  of  phenazine,  based  on  the  reacted  nitrobenzene.  This  reaction  may  be  represented  as  follows: 


Diagram  5 


- ►  (cf.  Diagram  3) 


HN 

! 

Na 


0 


(cf. Diagram  4) 


It  is  not  impossible  that  when  a  caustic  alkali  or  sodium  amide  is  employed,  the  Wohl  reaction  takes 
place  only  after  sodium  anilide  has  been  formed,  the  latter  then  entering  into  the  reaction  as  shown  in  Diagram  5. 

EXPERIMENTAL 

Reaction  of  orthonitrosophenol  with  aniline.  The  orthonitrosophenol  solution  was  prepared  as  specified 
by  Baudisch  [9].  0.5  g  of  orthonitrophenol  was  heated  in  a  small  quantity  of  glacial  acetic  acid  until  it  dissolved, 
the  acetic  acid  solution  being  chilled  and  1-2  ml  of  water  being  added,  causing  the  orthonitrophenol  to  settle  out 
in  a  finely  crystalline  state.  Petroleum  ether  was  added  to  the  suspension  of  orthonitrophenol  in  acetic  acid,  and 
0.3  g  of  zinc  dust  was  added  to  the  vigorously  shaken  mixture.  The  acetic  acid  solution  turned  red,  the  petroleum 
ether  turning  yellow  at  first,  and  then  green,  due  to  the  resultant  orthonitrosophenol. 

*  The  formation  of  the  copper  salt  of  orthnonltrosophenol  was  evidence  of  the  formation  of  the  latter 
compound.  When  a  petroleum  ether  solution  of  orthonitrosophenol  was  agitated  with  a  highly  diluted  solution  of 
copper  sulfate,  the  latter  turned  an  intense  red,  due  to  the  formation  of  a  copper  salt  of  orthonitrosophenol. 
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The  solution  of  ortiionitiosophenol  in  petroleum  ether  was  mixed  with  an  excess  of  aniline,  and 
the  reaction  mass  was  allowed  to  stand  for  3  days  at  room  temperature.  The  top  layer  of  petroleum  ether, 
which  was  an  intense  green  at  first,  gradually  turned  a  faint  yellow,  while  the  bottom  layer  of  aniline 
changed  from  yellow  to  a  cherry-red  (in  the  proportions  used  aniline  is  insoluble  in  petroleum  ether). 

After  standing  for  three  days,  the  reaction  mass  was  steam-distilled;  the  distillate  contained  an  extremely 
minute  quantity  of  oil,  which  was  separated  from  the  water.  The  aniline  in  the  oil  dissolved  when  the  latter 
was  agitated  with  a  dilute  solution  of  hydrochloric  acid.  The  Insoluble  yellow  substance  was  washed  with 
dilute  hydrochloric  acid  and  with  water  and  then  dried  in  a  desiccator.  The  m.p.  of  the  yellow  substance 
was  43*.  The  substance  was  identical  with  the  initial  orthonitrosophenol.  No  phenazine  was  found  in  the 
residue  left  after  the  steam  distillation. 

Heating  a  solution  of  the  orthonitrosophenol  in  llgroin  with  aniline  on  a  boiling  water  bath  or  with 
aniline  and  potassium  hydroxide  in  a  Wohl  reaction  yielded  neither  phenazine  nor  phenazine  oxide. 

Reaction  of  l-nitroso-2-naphthol  with  aniline  under  Wohl  reaction  conditions.  A  mixture  of  17.3  g 
of  l>nitroso>2-naphthol,  9.3  g  of  aniline,  and  40  g  of  finely  pulverized  anhydrous  potassium  hydroxide  was 
heated  to  140-160*  for  16  hours,  in  strict  compliance  with  the  conditions  specified  for  the  Wohl  reaction. 

Steam  was  passed  through  the  dark  tarry  mass  produced  as  a  result  of  the  reaction.  The  steam- distillation 
residue  was  washed  with  water,  much  of  the  reaction  mass  dissolving.  The  residual  dark  black  tar  was  extrac¬ 
ted  with  20^  hydrochloric  acid.  No  benzophenazine  could  be  recovered  from  the  hydrochloric  acid  solution 
by  adding  ammonia  to  it,  which  is  evidence  that  orthonitiosonaphthol  does  not  react  with  aniline  under  Wohl 
reaction  conditions  to  yield  benzophenazine. 

Synthesis  of  Phenazine  by  Reacting  Nitrobenzene  with  Sodium  Amide. 

Synthesis  of  sodium  anilide  by  the  Chichibabin  method  [17].  7.8  grams  of  finely  pulverized  sodium 
amide  was  added  as  fast  as  possible  to  18, 6  g  of  freshly  distilled  aniline.  The  reaction  mass  grew  very  hot, 
and  ammonia  was  liberated,  the  color  gradually  changing  from  red  to  green,  and  then  to  dark-brown.  As  soon 
as  the  evolution  of  heat  by  the  reaction  mass  ceased,  the  mass  was  placed  in  an  oil  bath  at  120*  and  kept  at 
that  temperature  for  20  minutes,  after  which  the  temperature  was  raised  to  160.170*.  After  being  heated 
to  160-170*  for  5  minutes,  the  reaction  mass  was  cooled  to  100*,  and  40  ml  of  anhydrous  xylene  was  added  to 
it  (xylene  does  not  dissolve  the  solid  reaction  product). 

Synthesis  of  phenazine.  The  resultant  sodium  anilide  was  heated  to  125*,  and  24.6  g  of  nitrobenzene 
was  slowly  added  to  it  from  a  dropping  funnel.  If  the  reaction  did  not  set  in,  the  oil-bath  temperature  was 
raised  to  135-140*  (but  no  higher).  As  soon  as  the  reaction  began,  heating  was  stopped,  the  subsequent  course 
of  the  reaction  being  controlled  by  regulating  the  rate  at  which  the  nitrobenzene  was  added.  After  all  the 
nitrobenzene  had  been  added,  the  thick,  dark  mass  was  heated  to  140-145*  (temperature  of  the  oil  bath)  for  10 
hours.  After  these  10  hours  of  heating,  the  xylene,  the  unreacted  initial  products— nitrobenzene  and  aniline, 
and  the  reaction  by-product— azobenzene  were  driven  off  with  steam.  The  liquid  resinous  mass  left  after 
the  steam  distillation,  which  solidified  upon  cooling,  contained  phenazine. 

The  resin  was  separated  from  the  aqueous  solution  and  extracted  repeatedly  by  heating  it  with  small 
portions  of  hydrochloric  acid.  2-3  ml  of  concentrated  nitric  acid  were  added  to  the  dark  hydrochloric  acid 
solution,  and  the  whole  was  brought  to  a  boil.  A  resin  floated  to  the  top;  it  was  filtered  out  after  the  solution 
had  cooled. 

The  transparent  orange-red  hydrochloric -acid  solution  was  neutralized  with  ammonia,  throwing  down  a 
dark-yellow  phenazine  precipitate.  The  resultant  phenazine  was  purified  by  reprecipitating  it  once  or  twice 
with  ammonia  from  a  solution  in  20)1)  hydrochloric  acid.  The  phenazine  yield  was  30-327o,  based  on  the  reac¬ 
ted  nitrobenzene;  m.p.  168-169*.  Recrystallization  from  10  times  its  weight  of  alcohol  yielded  the  character¬ 
istic  shining  yellow  needles  with  a  m.p.  of  170-171*,  exhibiting  no  depression  when  mixed  with  phenazine  syn¬ 
thesized  by  a  different  method. 


SUMMARY 

1.  It  has  been  shown  that  the  synthesis  of  phenazine  In  the  Wohl  reaction  from  nitrobenzene  and  aniline 
with  an  alkali  present  is  an  instance  of  the  inverted  orientation  of  the  nitro  group  when  acted  upon  by  nucleo¬ 
philic  reagents  (KOH,  NaNH^;  cf.  Diagram  3). 
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2.  In  conformity  with  this  reaction  pattern,  phenazine  has  been  synthesized  by  condensing  nitrobenzene 
with  another  nucleophilic  reagent— sodium  anilide  (cf.  Diagram  5). 
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XXXV.  THE  CONVERSION  OF  BU  T  YROLACTONE  INTO  T  HIOPH  A  NO  NE-2 , 
PYRROLIDONE-2,  and  l-PHENYLPYRROLIDONE-2 


Yu.K.  Yuryev,  E.G.  Vendelshtein,  and  L.A.  Zinovyeva 


The  conditions  governing  the  substitution  of  an  incino  group  for  the  bridge  oxygen  on  the  lactones  of 
-  and  5  -hydroxy  acids  vary  with  the  natiue  of  the  lac  tone.  The  conversion  of  phenolphthalein  into  imido- 
phenoli^thalein  when  it  is  allowed  to  stand  with  aqueous  ammonia  at  room  temperature  [1]  and  the  conversion 
of  phthalide  into  phthalimidine  [2]  when  axTimonia  is  passed  through  phthalide  at  290*  are  the  extremes  in  the 
conditions  governing  tJhe  course  of  this  side  reaction. 

H.  Meyer  [3]  endeavored  to  deduce  definite  rules  from  the  behavior  of  various  U-  and  5 -lactones  when 
acted  upon  by  ammonia  and  concluded  that  the  decisive  role  is  played  by  the  nature  of  the  hydroxyl  group  in 
the  hydroxy  acid  yielding  the  given  lactone.  This  led  him.  to  the  following  conclusions; 

I.  The  reaction  of  IS  -  and  8  -lactones  with  ammonia  either  does  not  take  place  at  all  or  results  in 
the  formation  of  a  more  or  less  unstable  amide  of  the  hydroxy  acid  when  the  hydroxyl  group  is  a  primary  group 
or  a  saturated  secondary  group  or  is  a  phenolic  one;  butyrolactone,  l-valerolactone,  and  IS-caprolactone 
could  not  be  converted  into  the  respective  lactams,  thus  supporting  the  rule,  though  phthalide  was  converted 
into  a  lactam  and,  hence,  constituted  an  exception  to  the  rule 

2.  8  -  and  8 -lactones  react  with  ammonia  to  form*  imldes— lactams  of  the  i-  and  6 -amino  acids 

— when  the  hydroxyl  group  is  a  tertiary  or  a  secondary  ansaturated  one  (  >C=CHOH):  triphenylcrotolactone 
[4],  phthalylacetic  acid  [5],  and  phenolphthalein  [1]  are  represematives  of  compounds  of  this  type. 

The  catalytic  conversions  of  the  original  sings  of  the  t'ive-membered  and  six-membered  oxygen-con¬ 
taining  heterocyclic  compounds  into  heterocyclic  compounds  containing  nitrogen  [6],  sulfur  [7],  and  selenium 
[8]  are  the  natural  completion  of  many  years  of  research  on  the  substitution  of  an  imino  group  for  the  ring 
oxygen  in  cyclic  anhydrides,  in  ?  -pyrone,  and  in  its  derivatives  All  these  reactions  must  now  be  regarded 
as  special  instances  of  a  reaction  involving  the  replacement  of  ring  oxygen  by  another  hetero  atom,  which  is 
quite  generally  applicable  to  all  heterocyclic  systems  that  contain  oxygen  and  takes  place  under  suitable  con¬ 
ditions  when  reagents  interact  with  the  active  hydrogen  atoms: 


>C 


+  XHg 

^[Catalyst] 


(X  =  NH;  NAlkr  NAr,  NPy;  S;  Se) 


Hence,  H.  Meyer's  rule  has  lost  all  significance,  and,  now  that  furan,  the  most  stable  of  the  oxygen- 
containing  heterocyclic  compounds,  has  been  converted  into  pyrrole  by  the  action  of  ammonia  upon  it  in  the 
presence  of  alumina  at  450*  [6],  it  is  safe  to  say  that  the  ring  oxygen  in  butyrolactone  and  tf-valerolactone 
must  be  replaced  by  an  imino  group  under  conditions  that  ate  milder  than  those  governing  the  conversion  of 
furan  but  much  more  severe  than  those  governing  the  conversion  of  other  lactones,  such  as  phthalide.  The 
influence  of  the  oxygen  atom  linked  to  the  a -carbon  atom  in  the  ring  makes  the  bond  of  the  ring  oxygen  in 
butyrolactone  weaker  than  it  is  in  furan  or  furanidine,  but  stronger  than  in  cyclic  anhydrides  or  in  substituted 
lactones,  such  as  triidienylcrotolactone.  That  is  why  it  is  only  by  heating  to  280*  with  liquid  ammonia  at  con¬ 
siderable  pres^re  thaty)yrrolidone“2  could  be  prepared  from  butyrolactone  or  5-methylpyrrolidine-2  from 
IS -Valero  lac  tone  [9], 

s  The  authors  do  not  state  the  pyrrolidone  yields. 
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Butyrolactone  must  likewise  suffer  the  catalytic  substitution  of  sulfur  or  of  an  irxiino  group  for  its  ring 
oxygen,  thcnigh  at  much  lower  temperatures  than  in  the  case  of  furan  and  furanidine.  Lowering  the  reaction 
temperature  could  not,  however,  eliminate  an  appreciable  decomposition  of  butyrolactone,due  to  its  instability. 

In  die  present  research  butyrolactone  has  been  converted  into  thiophanone  -2  (tetrahydro-  a  'thienone) 
by  the  action  of  hydrogen  sulfide,  into  pyrrolidone -2  by  the  action  of  ammonia,  and  into  1 -phenylpyrrolidone- 
2  by  the  action  of  aniline— all  at  350*  in  the  presence  of  alumina: 


EXPERIMENTAL 

Conversion  of  Butyrolactone  into  Thiophanone-2 
(Tetrahydro-g  -thienone;  Butyrothio  lac  tone) 

300*.  8  g  of  bu^rolactone  (b.p.  83-85*  at  5  mm);  1.4369;  <4"  1.1288)  was  passed  through  a  tube 
containing  alumina  at  the  rate  of  12  drops  per  minute  in  a  cunent  of  hydrogen  sulfide.  The  catalyzate  was 
extracted  with  ether.  After  the  ether  had  been  driven  off  from  the  ether  extract  of  the  catalyzate  (which 
had  been  dried  vrith  calcium  chloride),  the  reaction  product  was  distilled  in  vacuo,  yielding  the  fol¬ 
lowing  fractions:  I)  b.p.  109.5-110*  (51  mm) — 2.5  g;  and  H)  b.p.  110-111*  (51  mm) — 0.3  g.  Fraction  I  was 
thiophanone  -2  (30^  of  the  theoretical  yield). 

325*.  8  g  of  butyrolactone  yielded  3.5  g  of  thiophanone  -2  (38‘)b  of  the  theoretical  yield). 

350*.  8  g  of  butyrolactone  yielded  6  g  of  thiophanone  -2  {12/^  of  the  theoretical  yield). 

375*.  8  g  of  butyrolactone  yielded  2.8  g  of  thiophanone -2  of  the  theoretical  yield). 

The  thiophanone  -2  secured  in  all  the  tests  was  combined  and  redistilled  in  vacuo  (from  a  flask  with 
a  dephlegmatcu);  its  constants  then  were: 

B.p.  110.5  (52  mm);  n§*1.5189;  d^'l.lGSS;  MRq  26.39;  calculated  26.45. 

Melting  point  of  the  compound  with  corrosive  sublimate  (from  alcohol);  118.5*.  Found ‘Jb:  C  46.92, 
46.98;  H  5.89,  5.86;  8  31.24,31.30.  04(1^.  Calculated  C  47.05;  H  5.92;  8  31.39. 

Thiophanone  -2  is  a  colorless  liquid  with  the  characteristic  odor  of  garlic.  It  is  freely  soluble  in 
alcohol  and  in  ether,  though  insoluble  in  water. 

Reduction  of  thiophanone -2  to  thlophane.  5.3  g  of  thiophanone -2  was  reduced  by  boiling  for  five 
hours  with  16  g  of  zinc  amalgam  and  32  ml  of  dilute  (1:1)  hydrochloric  acid,  with  5  ml  of  hydrochloric  acid 
(sp.gr.  1. 16)  added  every  hour.  Then  the  reaction  ivoduct  was  distilled  with  steam,  and  the  resultant 
distillate  extracted  with  ether.  The  efiier  extract  was  dried  %fith  anhydrous  sodium  sulfate,  the  ether 
driven  off,  and  the  residue  distilled,  yielding  0.8  g  of  a  fraction  with  a  b.p.  of  116-122*  (757  mm)  and 
1.5021,  which  produced  a  crysuUine  compound  vrith  HgCl{,  whose  m.p.  was  125*  after  recrystallization 
from  alcohol.  The  mixed  melting  point  with  a  compound  of  thiophane  with  mercuric  chloride  exhibited  no 
depression:  m.p.  125*.  Hence,  the  116-122*  fraction  was  thiophane  (tetrahydrothlopfaene)  produced  by 
the  reduction  of  thiophanone  -2 . 

Figures  in  the  literature  for  thiophane:  Tu.K.  Yuryev  [10]:  b.p.  119.8-120*  (760  mm);  1.5052; 

0.9960;  m.p.  of  the  compound  with  mercuric  chloride:  124.5-125*. 
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Conversion  of  Butyrolactone  to  Pyricolldone-2  and  l“Phenylpyrrolldone~2 


1)  21  g  of  butyroiacione  was  passed  over  alumina  (in  7-gram  batches)  in  a  current  of  ammonia  at 
350*.  The  ether  extract  of  the  catalyzate  ^as  dried  with  anhydrous  sodium  sulfate,  the  ether  was 
driven  off,  and  the  residue  was  distilled  in  vacuo.  Redlstiiladon  of  the  reaction  product  yielded  the  follow¬ 
ing  fractions:  I)  b.p.95“102*“0.2  g;  I!)  b.p.  i02“104*  (5  mm)-~3.2  g;  and  HI)  b.p.  104-110*— 0.5  g. 

Fraction  n  was  pyrTOildone-2  (15. 5*^)  of  the  theotedcai  yield). 

B.p.  102-104*  (5  mm):  ng  1.4806;  d|*  1.106;  b.p.  23-24*.  MKjj  21.88;  calculated  22.23. 

Found  N  16.56.  C4HyON.  Calculated  N  16.44. 

Figures  in  the  literature  for  pyrrolidone -2 :  Gabrie.  [11]  :  b.p.  245*;  m.p.  25-28*;  Tafel  and  Stem  [12]; 
b.p.  205.5*  (742  mm);  m.p.  24.6*;  df  1.110  [12];  SpSth  andLintner  [9]r  b.p.  100-105* (1  mm);  m.p.  23-24*.  ^ 

2)  A  mixture  of  7  g  of  butyrolactone  and  20  g  of  aniline  was  passed  over  alumina  in  a  current  of  nitro¬ 
gen  at  350*.  An  ether  extract  of  the  catalyzate  was  dried  the  ether  driven  off,  and  the  residue  distilled 
in  vacuum,  repeated  redisdllation  of  the  reaction  product  (after  rhe  unchanged  aniline  had  been  eliminated) 
yielding  the  following  fractions;  X)  b.p,  140-150*  (5  mm) — 3  g;  D)  b.p.  150-155*  (5  mm)— 2.1  g;  and  III) 

b.p.  155-160*  (5  ram) — 1,8  g. 

Fractions  II  and  HI  crystallized;  crystals  settled  out  of  Fraction  I  upon  cooling. 

The  colorless  crystals  of  1  -phenylpyrroiidoi.i.e~2  fused  at  66  -67*.  The  yield  was  4.3  g  (32f)b  of  the 
theoretical). 

Found  N8.78.  CjjH^ON.  Calculated^"  N  8.69. 

Figures  In  the  literature  for  1 -phenylpyiTolidone-2 :  Bailie  and  Tafel  [14];  m.p.  64-68";  b.p.  130- 
140*  (1  mm);  Spa  th  and  Linmei  [9]:  m.p.  65-67*. 

SUMMARY 

The  catalytic  conversion  of  butyrolactone  into  thiophanone -2 ,  pyrrolldone-2 ,  and  1  “phenylpy^^olldone- 
2,  effected  in  the  present  research,  takes  place  at  lower  temperatures,  though,  with  lower  yields,  than  in  the  case 
of  furaiddine  (tetrahydrofuran),  owing  to  the  weakening  of  the  butyrolactone  ring  by  the  presence  of  oxygen  at 
the  a  -  carbon  atom  of  the  ring. 
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XXXVI.  THE  CONVERSION  OF  a  ,  6  * -DIMETH  Y  LFURA  N  AND  OF  a.6*- 
DIMETHYLFURANIDINE  INTO  THE  CORRESPONDING  NITROGEN-  AND 
SULFUR-CONTAINING  HETEROCYCLIC  COMPOUNDS 


Yu. K. Yuryev,  G .  Y  a .  Kond  ra  ty  e  va  ,  and  A.I.Kartashevsky 


In  the  catalytic  conversion  of  homologs  of  furanidine  (teuahydtofuran)  into  the  corresponding  homologs 
of  pyrrolidine  and  thiophane  the  yields  of  the  latter  regularly  vary  with  the  size  of  the  alkyl  radical  and  its 
position  in  the  ring. 

Alkyl  radicals  located  at  the  a-i?osition  weaken  the  stability  of  the  "fi -oxide  ting,  causing  an  apixeci- 
able  drop  in  the  yield  of  a-alkylpyrrolidines  and  thiophanes,  the  magnitude  of  this  effect  depending  upon  the 
complexity  of  the  alkyl  radical.  Hence,  the  reaction  is  carried  out  at  a  lower  temperature  than  that  which 
is  best  for  converting  the  furanidine,  in  order  to  hold  down  the  decomposition  of  the  substance  and  secure 
better  yields. 

In  synthesizing  a-alkylpyrrolidines  at  400",  the  yields  of  a-methyl-[l],  a ,a ’-dimethyl-  [2],  and 
a-ethylpynolidine  [3]  were  27.5^,  17.5^0,  and  respectively,  while  the  yield  of  pyrrolidine  was  46.9^  [4]. 
At  350",  the  yield  of  a -propyl-  and  a-butylpyrrolidine  was  lOlfc  [5],  whereas  the  yield  of  pyrrolidine  itself 
was  30. [4].  In  synthesizing  the  a -alkyl thiophanes  at  350",  the  yields  of  a -methyl-  [6],  a, a ’-dimethyl-  [2], 
a -ethyl-  ,  a -propyl-  ,  and  a -butylthiophane  [6]  were  65^,  43^,  71*^,  63^  and  60<|jfc,  respectively,  the  thio¬ 
phane  yield  being  and  OO.ffJbat  400"  [7]. 

When  the  alkyl  radical  is  located  at  the  6- position  of  the  furanidine  ring,  the  yield  of  the  0  -  alkyl- 
pyrrolidine  depends  principally  upon  the  size  of  the  radical,  the  yields  of  pyrrolidine  [4]  and  0  -mediylpyrro- 
lidine  [5]  being  30*5^  at  350",  while  the  yield  of  0  -butylpyrrolidine  was  only  12<^  [5].  The  yields  of  0  - 
methyl,  0  -ethyl- ,  0  -propyl-  ,  and  0  -butylthiophane  [6]  were  SOJt,  and  1^,  respectively,  when 
the  0-alkylthiophanes  were  synthesized  at  350",  i.e.,  almost  the  same  as  the  thiophane  yield  (85<^).  Hence, 
the  presence  of  an  alkyl  radical  at  the  0-  position  does  not  affect  the  stability  of  the  furanidine  ring  in  this 
reaction. 


When  homologs  of  furan  are  converted  into  the  corresponding  homologs  of  pynole  and  thiophene,  the 
yields  of  these  latter  products  are  likewise  reduced,  the  magnitude  of  the  reduction  increasing  with  increasing 
size  of  the  alkyl  radical  located  at  the  a  -  position  of  the  fman  ring. 


In  the  present  research  we  have  effected  the  catalytic  conversion  of  a  ,0’-  dlmethylfuran  into 
a,  0’- dimethylpyrrole  and  of  a,0’-dlmethylfuranidine  into  a,  0’- dimethylpyrrolidine  and  a,0’-dimethyl- 
thiop^ane. 


HjC. 


HjC- 


-CH.  4 


.+NH, 


Al^Os 


+  2Ha 

J-CH.  Pd 


NH 


The  yields  of  these  compounds  were  higher  than  those  of  a, a  ’-  dimethylpyrrole  (16<^), 
a  ,a  ’-  dimethylpyrrolidine  (17.5‘55>),  or  a  ,a’-dimethylthiophane  (43‘5b);  hence,  the  yields  of  the  products  of  this 
reaction  were  governed  principally  by  the  methyl  group  located  at  the  a  -  position  of  the  oxygen-containing 
heterocyclic  ring. 
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EXPERIMENTAL 


а, B*-Dimethylfuran  was  prepared  by  using  sulfuric  acid  to  condense  acetoacetic  ester  [8],  followed  by  react¬ 
ing  bromine  water  with  the  resultant  isodehydracetic  acid  [9]  and  decarbonizing  the  resultant  a  ,6'-dimethylfuran-6*- 
carboxyllc  acid  [10],  as  well  as  by  a  new  method  we  have  developed,  the  pyrolysis  of  a  sultone:  the  cyclic  sulfo- 
edier  of  mesityl  oxide  [11]. 

The  constants  of  fl,0*-dimethylfuran  were  as  follows  after  distillation  over  sodium; 

B.p.  93-93.1*  (742  mm);  n*J  1.4387;  0.8996.  MR^  28.08.  CjHp  Tj.  Calculated  MRp  28.42. 

The  melting  point  of  the  compound  with  HgClj  was  111*. 

The  figures  given  in  the  literature  for  a  ,6 '  "dimethylfuran  are:  Yu.  K.  Yuryev,  G.  Ya.  Kondratyeva,  and  S.N. 
Petrov  [11]:  b.p.  93-94*  (760  mm);  nf)  1.4371;  dj"  0.8993.  Gilman  and  Burmer  [12]:  m.p.  of  the  compound  with 
HgCl,:  112*. 

The  g  ,B *-Dlmethylfurantdlne(2,4-dimethylfuranidine;  2,4-dimethyltetrahydrofuran)  was  prepared  by  hydro¬ 
genating  a,  B*-dimethylfuran  catalytically.  40  grams  of  o,  6 '-dimethylfuran  was  passed  over  palladinized  asbestos 
at  150-155*  in  a  current  of  hydrogen.  The  resultant  catalyzate  was  dried  with  calcium  chloride  and  distilled 
above  sodium  in  a  flask  fitted  with  a  tall,  highly  efficient  dephlegmator.  The  a ,  0' -dime thy Ifuranidlne's  constants 
were  as  follows  after  double  distillation; 

B.p.  97.5-97.7*  (759  mm);  n{^  1.4100;  dj*  0.8433.  MR^  29.57:  Calculated  MR^  29.35. 

4.350  mg  substance:  11.440  mg  CO^;  4.510  mg  H^O.  6.925  mg  subsunce:  18. 230  mg  CO^;  7.280  mg  1^0. 

Found '5b:  C  71.77,  71.84.  H  11.61,  11.76.  CeHijO.  Calculated  <5^;  C  71.95;  H  12.08. 

The  yield  was  30  g  (72'5b  of  the  theoretical).  a,0'-Dimethylfuranidine  is  not  described  in  the  literature. 

Conversion  of  a, 0 '-dimethylfuran  into  a,0*-dimethylpyrrole.  9.6  g  of  a, 0 '-dimethylfuran  was  passed  over 
activated  alumina  at  330*  in  a  current  of  ammonia  at  the  rate  of  5-6  drops  per  minute.  The  catalyzate  was  satur¬ 
ated  witii  sodium  hydroxide  and  extracted  with  ether.  The  ether  was  driven  off  from  the  dried  ether  extract, 
and  the  reaction  product  double-distilled,  yielding  a,  0'  -dimethylpyrrole,  the  constants  of  which  were  as  follows; 

B.p.  165-166*  (758  mm);  ng  1.5048;  dj®  0.9236.  MI^  30.54.  CgHjN  f*.  Calculated  MRd  30.38. 

Picrate  melting  point  (from  alcohol)  92.5-93*. 

б. 250  mg  substance;  0.793  ml  Nj  (23*,  752  mm).  Found  <5b:  N  14.48.  C^HyN.  Calculated  ‘5b:  N  14.72. 

Yield;  2.4  g  (295b  of  the  theoretical). 

The  figures  given  in  the  literature  for  a,  0'-  dimethylpyrrole  are:  Knon  [13]:  b.p.  165*  (743  mm);  Piloty 
et  al  [14];  b.p.  162-164*  (720  mm);  picrate  melting  point:  92-93*. 

Conversion  of  a ,  0'-dimethylfuranidine  into  a ,  0'-dimethylpyrrolidine.  11.5  g  of  a ,  0  '-dimethylfuranidine 
was  passed  over  activated  alumina  at  300*  in  a  current  of  ammonia  at  a  rate  of  5-6  drops  per  minute.  After  the 
catalyzate  had  been  processed  as  specified  above,  the  reaction  product  was  distilled  from  a  flask  fitted  with  a 
dephlegmator. 

The  consunts  of  the  a ,  0  '-dimethylpyrrolidine  were  as  follows  after  redistillation; 

B.p.  116-lir  (761  mm);  n*®  1.4347  dj®  0.8351.  MRd  30.98.  Calculated  31.31. 

Picrate  melting  point  (from  alcohol):  116-116.5*, 

6.538  mg  substance:  0.806  ml  N*  (22*,  756  mm).  Found  <5b:  N  14.19.  C^HjjN.  Calculated  ‘5b:  N  14.12. 

Yield  4.7  g  (41'5b  of  the  theoretical). 

The  figures  given  in  the  literature  for  a, 0' -dimethylpyrrolidine  are:  Knorr  [13];  b.p.  115-117*  (753  mm); 
n^  1.4325;  (4®  0.8297;  picrate  melting  point;  116-117*. 

Conversion  of  a, 0 '-dimethylfuranidine  into  a  ,0'-dimethylthiophane.  9  g  of  a ,0  -dimethylfuranidine  was 
passed  over  alumina  at  330*  in  a  current  of  hydrogen  sulfide  at  the  rate  of  10  drops  per  minute.  The  catalyzate 
was  saturated  with  sodium  hydroxide  and  extracted  with  ether.  The  ether  extract  was  dried  with  calcium  chloride, 
the  ether  driven  off,  and  the  reaction  product  distilled  from  a  flask  fitted  with  a  dephlegmator. 

The  resultant  a,  0'-dimethylthlophane  had  the  following  constants; 
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35.68. 


B.p.  147-148’ (742  mm),  1.4818;  dj®  0.9265.  MRd  35.74.  Calculated  MRp 

Melting  point  of  the  compound  with  HgCl2  (from  alcohol):  89*. 

7.600  mg  substance-  17  270  mg  COj;  6  810  mg  HjO.  6  310  mg  SO4. 

7.980  mg  substance;  18.150  mg  COt;  7.240  mg  H^O  6.600  mg  SO4. 

Found  C  62.01,  62.07;  H  10.03,  10  07;  S  27.71,  27.61.  CbHuS.  Calculated  C  62.00;  H  10.41;  S  27.59. 

Yield  6.1  g  (58.5^  of  the  theoretical),  a ,  6 '  -Dimethylthiophane  has  not  been  described  in  the  literature. 

SUMMARY 

1.  The  present  paper  describes  for  the  first  time:  a)  a,  6'-dimethylfuranidine,  synthesized  by  dehydrogen¬ 
ating  a,6'~dimethylfuran  catalytically  with  paladinized  asbestos;  and  b)  a,  S '-dimethylthiophane,  synthesized  by 
the  catalytic  conversion  of  a ,  0 '  -dimethylfuranidine. 

2.  It  has  been  shown,  for  the  first  time,  that  when  a.0'-dimethylfuian  and  a,  0 '-dimethylfuranidine  are 
acted  upon  by  ammonia  at  high  temperature  in  the  presence  of  activated  alumina,  they  are  converted  into  a,  0'- 
dimethylpyrrole  and  a,  0'  -  dimethylpyrrolidine,  respectively..  The  action  of  hydrogen  sulfide  upon  a  0' -dimethyl¬ 
furanidine  at  330*  in  the  presence  of  alumina  converts  it  into  a,  0 '-dimethylthiophane. 

3  In  the  above-described  conversion  of  oxygen-containing  heterocyclic  compounds  into  rings  containing 
other  hetero  atoms,  the  methyl  group  located  at  the  fiposition  of  the  luran  or  furanidine  ring  has  no  influence  on  the 
stability  of  these  rings,  provided  they  possess  another  methyl  group  at  the  a -position:  in  their  behavior  in  this  re¬ 
action,  a,  0'-dimethylfuran  and  a, 0' -dimethylfuranidine  most  closely  resemble  a -methylfuran  and  a-methylfuran- 
idine,  respectively,  their  behavior  differing  considerably  from  that  of  2,5-dimethyIfuran  and  2,5-dimethylfuranidine. 
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SOME  DERIVATIVES  OF  B  ENZOTHIAZOLE 
in.  2,5,6-  and  2,6,7-TRIMETHYLBENZOTHIAZOLES 


I.  I.  Levkoev,  N.  N.  Sveshnikov,  N.  S.  Barvin,  and  M.  P.  Pashin 


We  have  previously  shovm  that  when  meta-subscituted  thioacetanilldes  are  oxidized,  the  thiazole  ring  may 
be  closed  at  the  para  as  well  as  at  the  ortho  position  to  the  substituent  present  in  the  benzene  ring.  For  instance, 
when  thioacetylm-anisidine  is  oxidized,  a  mixture  of  7-  and  5*methoxy-2-methylbenzothiazoles  [1]  is  formed, 
while  oxidation  of  mHiiioacetaminodimethylaniline  yields  nothing  but  7-dimethylamino-2-metiiylbenzothiazole  [2]. 
Oxidation  of  thioacetyi-m-nitroaniline  has  yielded  7-nitro-2‘methylbenzothiazole  [3]. 


The  3,4'disubstitution  derivatives  of  thioaceunilide  and  phenylthiourea  can  also  produce  two  isomers  in 
this  reaction. 


(A  =CHj  or  NH,). 


The  closure  of  the  thiazole  ring  at  the  ortho  position  to  the  second  substituent  group  has  not  been  observed 
up  to  the  present  time,  however,  in  the  3,4'disubstitutition  derivatives  of  thioacetanilide  and  phenyldiiourea.  Fries 
and  his  co-workers  [4]  secured  only  one  derivative  of  benzothiazole  —  5,6-dimethoxy-2-methylbenzodiiazole  — 
when  they  oxidized  4-thioacetaminoveratrole.  Patents  [5]  indicate  that  in  the  3,4-diethoxy-  and  3-methoxy-4- 
methylmercaptothioacetanilides  the  thiazole  ring  is  likewise  closed  at  the  para  position  to  the  alkoxy  group. 


We  proposed  to  investigate  the  ring  closure  of  3,4-disubstitution  derivatives  of  thioacetanilide  and  phenyl¬ 
thiourea,  using  derivatives  of  4-amino-l, 2-xylene. 

Oxidizing  4'thioacetamino-l, 2-xylene  yielded  a  mixture  of  bases  that  fused  in  the  30-60*  range.  Trimethyl' 
benzothiazole,  with  a  m.p.  of  85-86*,  was  recovered  from  this  mixture  by  means  of  crystallization. 

To  establish  the  structure  of  this  compound  we  synthesized  2,5,6-trimethylbenzothiazole  from  5-amino-4- 
nitro-1, 2-xylene.  The  latter  was  converted  into  4-nitto-6-thiocyano-l,2-xylene,  which  was  then  transformed  into 
2,2*-dinitro-4,5,4*,5’-tetramethyldiphenyl  disulfide  by  treating  it  with  sodium  sulfite  in  aqueous  solution  (cf  [6]). 
This  compound  was  then  reduced  with  zinc  dust  in  acetic  acid,  the  resulting  ami nothioxy lend  being  converted 
into  2,5,6-trimethylbenzothiazole  in  the  usual  manner  (cf  [7]). 
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This  compound  was  secured  as  colorless  crystals  with  a  m.p.  of  85-86*,  which  exhibited  no  depression 
of  the  mixed  melting  point  with  a  previously  prepared  base. 

We  have  been  unable  as  yet  to  isolate  in  a  pure  state  the  second  base  produced  when  4-thioacetamino- 

l,  2-xylene  is  oxidized,  owing  to  its  high  solubility.  It  is  obvious,  however,  that  a  mixture  of  2,5,6-  and  2,6,7-tri- 
methylbenzothiazole  is  produced  during  the  process 

We  oxidized  3,4-dimethylphenylthiourea  with  an  equimolar  quantity  of  bromine  at  0-6*  in  the  presence  of 
chloroform  (cf  [8]),  no  perbromides  being  formed  under  these  conditions.  This  yielded  a  mixture  of  2-aminodi- 
methylbenzothiazoles,  from  which  we  managed  to  isolate  two  bases,  with  m  p.  of  185-186*  and  198-199*,  by  means 
of  fractional  crystallization,  first  from  methanol  and  then  from  ethyl  alcohol.  When  the  first  of  these  bases  was 
heated  vrith  potassium  hydroxide  ^  [9])  and  the  resultant  salt  of  aminothioxylenol  then  processed  with  acetic 
anhydride,  it  yielded  2,5,6-trimethylbenzothiazole,  with  a  m.p.  of  85-86*,  so  that  it  was  2-Tamino-5,6-dimethyl- 
benzothiazole.  Similarly,  the  second  base,  with  a  m.p.  of  198-199®,  produced  when  3,4-dimethylphenylthiourea 
was  oxidized  must  be  assigned  the  structure  of  2-amino-6,7-dimethylbenzothiazole.  By  heating  this  compound 
with  a  concentrated  aqueous  solution  of  potassium  hydroxide  and  treating  the  resulting  salt  of  2-amino-6,6-di- 
methylthiophenol  with  acetic  anhydride,  we  secured  2,6,7-trimethylbenzothiazole  as  colorless  crystals  with  a 

m. p.  of  40-41*. 

Thus,  when  3,4-dimethylthioacetanilide  and  3,4-dimethylphenylthiourea  are  oxidized,  the  thlazole  ring  is 
closed  at  the  para  and  ortho  positions  to  the  second  methyl  group,  producing  in  both  cases  a  mixture  of  5,6-  and 
6,7-dimethylbenzothiazoles  that  contain  a  methyl  or  an  amino  group  at  the  2  position. 

EXPERIMENTAL 

(Together  with  L.  I.  Nesterova  and  E.K,Dudorova) 

4-Thioacetylami no-1, 2-xylene.  A  mixture  of  16  3  g  of  4^ceTamino-l, 2-xylene,  with  a  m.p.  of  97-98*  [10], 
and  11.1  g  of  phosphorus  pentasulfide  was  heated  to  75”  for  one  hour  (or  to  85*  for  30  minutes),  causing  it  to  darken 
and  fuse. 

The  melt  was  dissolved  by  heating  it  with  160  ml  of  ethyl  alcohol,  the  liquid  was  cooled,  aiKl  a  solution  of 
20  g  of  poussium  hydroxide  in  600  ml  of  water  was  added.  The  next  day,  the  minute  tarry  precipitate  was  filtered 
out  of  the  solution,  and  the  filtrate  was  heated  to  45*  for  30  minutes  with  activated  charcoal.  After  the  charcoal 
had  been  filtered  out,  die  solution  was  neutralized  with  acetic  acid  and  4-thioacetylamino-l,2-xylene  was  thrown 
down  as  a  yellowish  crystalline  precipitate  by  passing  carbon  dioxide  through  it.  The  yield  was  8.7  g  (49‘5t  of  the 
theoretical),  m.p.  93-95*.  Crystallization  from  ethyl  alcohol  raised  the  melting  point  to  106-107*.  Colorless  prisms. 

Found  ojo:  N  7.75.  CijHisNS.  Calculated  ‘Jb:  N  7.82. 

When  the  reaction  was  carried  out  in  benzene,  the  yield  of  4-thioacetylamlno-l, 2-xylene  (m.p.  99*)  was 
of  the  theoretical. 

Oxidation  of  4-diioacetylanilno-l, 2-xylene.  A  solution  of  17.9  g  of  4-thioacetylamino-l, 2-xylene  (m.p. 

93-95*)  in  400  ml  of  APjo  sodium  hydroxide  was  gradually  added,  with  vigorous  stirring,  at  6-8*  to  a  solution  of  66  g 
of  potassium  fenlcyanide  in  800  ml  of  water.  Stirring  was  continued  for  another  hour  at  the  same  temperature, 
after  which  the  reaction  product  was  extracted  with  ether,  the  extract  dried  with  potash,  the  ether  driven  off,  and 
the  residue  of  18  g  distilled  in  vacuo,  a  fraction  with  a  b.p.  of  130-143*  at  7  mm  being  collected.  The  yield  was 
9.6  g  (54.2^  of  the  theoretical),  m.p.  in  the  30-60*  range. 

The  preparation  was  crystallized  from  20  ml  of  gasoline  (b.p.  60-80*).  The  yield  was  1.65  g;  m.p.  80-82*. 
Evaporating  the  filtrate  yielded  another  0.20  g  of  a  substance  with  a  m.p.  of  80-81*.  The  overall  yield  was  1.85  g 
(10.45b  of  the  theoretical).  Recrystallization  of  the  substance  from  gasoline  yielded  colorless  needles  with  a  m.p. 
of  85-86*,  which  exhibited  no  depression  of  the  mixed  melting  point  with  2,5,6-trimethylbenzothiazole  (see  below). 

After  the  second  fraction  had  been  separated  from  the  mother  liquor,  the  gasoline  was  driven  off  in  vacuo, 
and  the  residue  converted  into  a  picrate.  The  latter  weighed  16,15  g;  m.p.  150-163*.  The  picrate  was  boiled  with 
320  ml  of  ethyl  alcohol,  causing  the  melting  point  of  the  insoluble  residue  (1.65  g)  to  rise  to  187-190*.  Recrystal¬ 
lization  from  efiiyl  alcohol  yielded  yellow  needles  with  a  m  p  of  194-195*,  which  exhibited  no  depression  of  the 
mixed  melting  point  with  the  picrate  of  2,5,6-trimethylbenzoihiazole  (see  below). 

The  mixture  of  picrates  recovered  from  the  alcoholic  solution  had  a  m.p.  of  150-165*,  which  remained  prac- 
ticaUy  unchanged  after  repeated  crystallizations. 
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3.4-Dimethylphenylthlourea.  A  solution  of  48.5  g  of  potassium  diiocyanate  in  70  ml  of  water  was  added, 
with  stirring,  to  a  solution  of  1,2,4'Xylidine  hydrochloride,  prepared  by  adding  45  ml  of  hydrochloric  acid  (sp.  gr. 
1.19)  to  a  suspension  of  60.5  g  of  the  freshly  distilled  and  finely  pulverized  amine  in  300  ml  of  water.  The  litpiid 
was  heated  to  102*  (oil  temperature)  on  an  oil  bath  until  the  water  had  evaporated (12-14  hours).  The  dry  residue 
was  then  heated  to  102-105*  for  2  hours.  The  reaction  product  was  triturated  with  200  ml  of  water,  the  insoluble 
material  being  filtered  out  and  washed  with  500  ml  of  water  until  all  the  chlorine  ion  was  eliminated.  The  yield 
was  78  g  {86.7^  of  the  theoretical).  M.p.  178-180*.  Crystallization  from  ethyl  alcohol  raised  the  product's  melting 
point  to  181-182*;  this  melting  point  was  unchanged  by  further  purification.  Colorless  needles,  fairly  readily  sol¬ 
uble  in  alcohol,  sparingly  soluble  in  benzene. 

Found  <51):  N  15.79,  15.68.  C,Hal^S.  Calculated  <55);  N  15.55. 

Dyson  and  George  [13],  who  synthesized  3,4-dimethylphenylthiourea  by  reacting  ammonia  with  dimethyl 
phenyl  mustard  oil  or  3,4-dimethylphenylcarbamyl  chloride,  erroneously  give  a  m.p.  of  141.5-142.5*  for  this  com¬ 
pound. 

Oxidation  of  3,4-dimethylphenylthioutea.  A  solution  of  48  g  of  bromine  in  120  ml  of  chloroform  was 
gradually  added  at  0-5*,  with  vigorous  stirring,  to  a  suspension  of  54  g  of  finely  powdered  3,4-dimethylphenylthio- 
urea  in  270  ml  of  anhydrous  chloroform,  causing  the  evolution  of  hydrogen  bromide.  Then  the  reaction  mixture 
was  stirred  for  another  2  hours  at  0-5*  and  set  aside  to  stand  overnight. 

The  nearly  colorless  precipitate  was  filtered  out,  washed  with  200  ml  of  chloroform,  and  air-dried.  It 
weighed  87-88  g.  The  hydrobromide  was  heated  in  1000  ml  of  water  until  it  dissolved,  and  the  solution  was  alk- 
alinized  with  aqueous  ammonia.  After  the  solution  had  cooled,  the  colorless  precipitate  was  filtered  out  and  washed 
with  water.  The  yield  of  the  mixture  of  isomeric  dimethyl-2-aminobenzothiazoles  totaled  52  g  (97^  of  the  theor¬ 
etical).  M.p.  155-160*. 

The  product  was  crystallized  from  155  ml  of  methanol,  2-amino-6,6-dimethylbenzothiazole  settling  out  as 
colorless  crystals.  Weight:  29  g.  M.p.  180-181*.  The  methanol  was  driven  off  from  the  filtrate  and  the  wash 
fluids,  and  the  residue  (weighing  22.7  g,  m.p.  149-152*)  was  crysullized  three  times  from  medianol.  Weight  6.55 
g;  m.p.  181-183*.  The  total  yield  of  2-amino-5,6-dimethylbenzothiazole  was  35.55  g  (66^  of  the  theoretical). 

Recrystallization  from  methanol  (1:4)  raised  the  melting  point  to  185-186*;  this  m.p.  was  unaffected  by  fur¬ 
ther  purification.  Colorless  needles.  Slightly  soluble  in  hot  water,  rather  sparingly  soluble  in  cold  benzene,  more 
readily  soluble  in  acetone,  and  readily  soluble  in  ethyl  alcohol  and  methanol. 

Found ‘Jfc:  N  15.58,  15.64,  CjHjol^S,  Calculated  <51);  N  15.72. 

Hydrochloride  —  colorless  crystals  (from  water).  Rather  sparingly  soluble  in  water  (1:100  at  20*). 

Hydrobromide  —  colorless  leaflets  (from  water). 

Sulfate—  minute  colorless  needles  (from  water).  Slightly  soluble  in  water  (1:125  at  20*),  even  less  soluble 
in  a  2<)b  solution  of  potassium  sulfate  (1:800  at  20*). 

All  the  crystallization  mother  liquors  were  combined  and  evaporated  to  small  volume,  the  product  that 
settled  out  being  filtered  out,  dried  (weight  12.0  g,  m.p,  152-155*),  and  crystallized  three  times  from  5  parts  of 
ethyl  alcohol.  This  yielded  1.20  g  of  2-amino“6,7-dtmethylbenzothiazole,  m.p.  195-197*.  Another  recrystallization 
from  ethyl  alcohol  yielded  large,  slightly  brownish  prisms  with  a  m.p.  of  198-199*,  slightly  soluble  in  hot  water, 
very  readily  soluble  in  ethyl  alcohol,  and  extremely  soluble  in  methanol. 

Found  N  15.73:  CjHjoNjS.  Calculated  N  15.72. 

Hydrochloride  —  colorless  prisms  (from  water).  Slightly  soluble  in  water  (1:220  at  20*). 

Sulfate—  minute  colorless  crystals.  Very  slightly  soluble  in  water  (1:1000  at  20*)  and  practically  insoluble 
at  ordinary  temperatures  in  a  2^  solution  of  potassium  sulfate. 

4-Amino-6-nitt 0-1,2 -^lene.  This  was  prepared  by  nitrating  4-acetamino“l, 2-xylene  and  then  saponifying 
the  nitroacetyl  derivative  with  an  aqueous  solution  of  an  alkali  [11].  This  procedure  yielded  better  results  than  the 
method  described  by  Noelting,  Braun,  and  Thesmar  [12], 

161  g  of  4-ace tamino-1, 2-xylene  (m.p.  97-98”)  was  gradually  added,  at  a  temperature  that  did  not  exceed 
25*,  to  415  ml  of  sulfuric  acid  (sp.  gr.  1.76),  with  constant  stirring.  64  ml  of  nitric  acid  (sp.  gr.  1.46)  was  added 
drop  by  dr<v  during  the  course  of  2-2.5  hours  at  16-17*,  with  constant  stirring,  to  the  thickened  mass.  After  the 


nitric  acid  had  been  added,  the  resulting  soiaticn  "was  stirred  for  aiiother  30  minutes  and  then  poured  into  a  mixture 
of  6  liters  of  water  and  2  kg  of  ice.  The  voliiniinous  yellow  precipitate  nhat  settled  was  filtered  out  and  washed 
successively  with  water,  a  weak  soda  solution,  and  again  with  water. 

The  well-squeezed-out  paste  (weighing  340  g)  was  saponified  by  stirring  it  for  4  hours  at  80-90*  with  a  solu¬ 
tion  of  42  g  of  sodium  hydroxide  in  260  ml  of  water.  When  it  had  cooled  to  60*,  the  precipitated  crystals  of  4-amlno- 
5-nitro-l,2-xylene  were  filtered  out  and  washed  witli  warm  water  until  the  reaction  was  neutral. 

Crystallization  from  6  parts  of  ethyl  alcohol  yielded  the  product  as  lustrous  orange-red  prisms  with  a  m.p. 
of  138-140*  (Noelting,  Braun,  and  Thesmar  give  the  m.p.  as  139-140*  [12]).  The  yield  was  66  g  (39.?^  of  the 
theoretical). 

4-Thiocyano-5-nitro-l,2 -xylene.  66.4  g  of  4‘amino-5“riitro-l,2“xylene  was  heated  to  60-70*  with  80  ml  of 
sulfuric  acid  (sp.  gr,  1.84),  and  the  thick  mass  was  poured  into  a  mixture  of  800  ml  of  water  and  800  g  of  ice, 
the  amine  sulfate  settling  out  as  a  fine  yellow  precipitate.  The  latter  was  diazorlzed  by  adding  a  solution  of  34.5 
g  of  sodium  nitrite  in  50  ml  of  water.  After  the  resultant  solution  had  stood  for  30  minutes,  it  was  filtered  and  a 
solution  of  40.75  g  of  potassium  thiocyanate  in  120  ml  of  water  was  gradually  added,  with  constant  stirring,  which 
immediately  precipitated  the  greenish-yellow  thiocyanate  The  next  day  the  product  was  filtered  out  and  washed 
with  water  until  the  reaction  was  neutral  The  yield  was  79,5  g  (95.6^  of  the  theoretical).  M,p.  136-139*. 

Yellow  orthogonal  prisms  after  a  single  crystallization  from  ethyl  alcohol,  m.p.  141-142*.  The  product  was 
slightly  soluble  in  etiiyl  alcohol  at  ordinary  temperatures,  though  readily  soluble  when  heated  in  the  alcohol;  sol¬ 
uble  in  ether  and  acetone. 

Found  <5b:  N  13.37.  C,H<0,N^.  Calculated  N  13  45. 

2,2*-Dinitro-4,5,4*,5*-tetramethyldiphenyl  disulfide  104  g  of  4"thiocyano-6“flitiO“l, 2-xylene  (with  a  m.p.  of 
136-139*)  was  boiled  for  4  hours  with  a  solution  of  10.15  g  of  100^  sodium  sulfite  in  1000  ml  of  water.  The  flask 
was  shaken  frequently,  avoiding  all  shocks.  The  next  day  the  product  was  filtered  out  and  washed  with  5  liters  of 
water  and  with  350  ml  of  ethyl  alcohol.  The  yield  was  85  g,(93.5‘’jt  of  the  theoretical).  M.p.  206-208*. 

Two  recrystallizations  from  benzene  raised  the  melting  point  to  213-214*.  Yellow  needles.  Slightly  soluble 
in  acetone,  even  less  soluble  in  ethyl  alcohol,  and  nearly  insoluble  in  ether. 

Found  N  7.60.  Ci6H4^4NjSj.  Calculated 'Jk-  N  7.69. 

2,5,6-Trimethylbenzothiazole.  a)  From  2,2'’-dinitro-4,5,4*.5''-tetramethyldiphenyl  disulfide.  A  mixture 
of  72.8  g  of  2,2*“dinittro-4,5,4',5*-tetramethyldiphenyl  disulfide  (m.p.  206-208*)  with  138  g  of  (lOO^jk)  zinc  dust  was  ^ 
gradually  added,  with  stirring,  to  600  ml  of  glacial  acetic  acid  heated  to  80-90*.  When  reduction  was  complete, 
the  mass  was  stirred  for  30  minutes  at  100*.  Then  187  g  of  acetic  anhydride  was  added  portionwise,  and  stirring 
was  continued  for  another  3  hours  at  140-145®  (bath  temperature).  The  mass  was  cooled  to  70-80*,  diluted  with  900 
ml  of  water,  and  then  chilled  and  alkalinized  with  a  concentrated  solution  of  sodium  hydroxide,  the  resultant  base 
being  distilled  with  steam.  The  crystalline  product  was,  filtered  out,  pulverized,  and  washed  with  water.  The 
yield  was  52  g  (83.5<5fcof  the  theoretical),  m  p.  82-83.5*. 

Two  recrystallizations  from  gasoline  (b.p.  60-80*)  yielded  the  product  as  colorless  needles  with  a  m.p.  of 
85-86*,  which  remained  unaffected  by  subsequent  crystallizations. 

Found  <5l);  N  7.78.  CnH^NS.  Calculated  N  7.91. 

b)  From  2-amino -5, 6-dimethylbenzotMazole.  A  mixture  of  14.24  g  of  2'^mino-5, 6-dime  thy  Ibenzothiazole 
with  a  m.p.  of  180-181*,  40  g  of  potassium  hyd,roxide,  and  25  mi  of  water  was  heated,  with  stirrii^,  to  130-135* 
(temperature  of  the  mass)  imtil  no  more  ammonia  was  evolved,  which  usually  took  15-18  hours.  The  mass  was 
slowly  cooled,  the  potassium  salt  of  the  aminothioxylenol  that  settled  out  being  filtered  out  on  a  glass  filter  and 
thoroughly  squeezed  out.  The  salt  was  then  uansferred  to  a  three-necked  flask  fitted  with  a  stirrer  and  an  inclined 
condenser,  and  50  ml  of  acetic  anhydride  was  gradually  added.  Then  the  reaction  mass  was  heated,  with  stirring, 
fot  3  hours  at  180-190*  (oil  temperature)  on  an  oil  bath,  10  ml  of  acetic  acid  being  driven  off.  6  ml  of  acetic 
anhydride  was  added,  and  the  mixtiue  was  refluxed  for  1  hour.  After  it  had  cooled,  the  mass  was  diluted  with 
water  and  alkalinized  with  a  30^0  solution  of  sodium  hydroxide,  the  2,5,6-trimethylbenzothlazole  beii^  driven  off 
with  steam  The  product  was  filtered  out,  washed  with  water,  and  dried.  The  yield  was  11-12  g  (77-843!  of  the 
theoretical).  M.p.  80-81*. 

Double  recrystallization  from  gasoline  (b.p.  60-80*)  yielded  colorless  needles  with  a  m.p.  of  85-86*,  which 
exhibited  no  depression  of  the  mixed  melting  point  with  the  2,5,6-trimethylbenzothiazole  synthesized  by  the  first 
method. 
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Picrate  —  lustrous  yellow  needles  (from  ethyl  alcohol),  m.p.  194-195* 

The  methlodide  was  secured  by  refluxing  the  base  for  15  hours  with  a  bOPjo  excess  of  methyl  iodide  on  a 
boiling  water  bath,  the  yield  being  78.9^  of  the  theoretical  Nearly  colorless  prisms  (from  ethyl  alcohol).  M.p. 
254-256*. 

Found  o/o:  N  4.32.  CiiHi4NSL  Calculated  <55)-  N  4.38 

The  ethiodide  was  similarly  prepared  from  ethyl  iodide  Sli  ghtly  grayish  prisms  (from  ethyl  alcohol). 

M.p.  218-219*. 

Found  N4.16  CuHigNSI.  Calculated  <5^:  N  4,25, 

2,6, 7-Trimethylbenzothiazole.  1.78  g  of  2-amino-€,7-<limethylbenzothiazole  (0.01  mole)  was  heated, 
with  stirring,  with  5  g  of  potassium  hydroxide  and  4  ml  of  water  on  an  oil  bath  to  135-140*  (oil  temp.)  until  no 
more  ammonia  was  evolved,  which  usually  took  35-40  hours  After  the  mixture  had  cooled,  the  precipitated  pot¬ 
assium  salt  of  the  aminothioxylenol  was  filtered  out  on  a  glass  filter  and  then  transferred  to  a  flask  containing  6.5 
ml  of  acetic  anhydride.  The  mixture  was  stirred  and  heated  for  2  hours  witn  an  inclined  condenser  on  an  oil  bath 
at  160-170*  (oil  temp.)  Then  2  ml  of  acetic  anhydride  was  added,  and  the  mixture  was  refluxed  for  1  hour,  diluted 
with  water,  and  alkalinized,  the  resultant  base  being  distilled  with  steam  After  extraction  with  ether  and  drying 
with  potash,  the  ether  was  driven  off,  and  the  residue  (0  70  g)  was  distilled  in  vacuo,  a  fraction  with  a  b.p.  of  142- 
147*  at  25  mm  being  collected.  The  yield  was  0.62  g  (35*^  of  the  theoretical)  Upon  cooling  the  2,6,7-trimethyl- 
benzothiazole  solidified  completely  into  a  colorless  crystalline  mass. 

Recrystallization  from  gasoline  yielded  the  product  as  large  colorless  prisms  with  amp  of  40-41*,  this 
melting  point  remaining  unaffected  by  subsequent  crystallizations 

Found  N  7.90.  CioHijNS  Calculated  N  7.91 

Picrate  —  yellow  needles  (from  ethyl  alcohol).  M  p.  157-158* 

The  methiodide  wa.s  secured  by  refluxing  the  base  for  11  hours  with  a  35*^  excess  of  methyl  iodide  on  a 
water  bath,  the  yield  being  69.4<5b  of  the  theoretical.  Nearly  colorless  prisms  (from  ethyl  alcohol),  m.p.  205-206*. 

Found  <5i»:  N  4  21  CaH^NSI.  Calculated  fo*  N  4  38 

The  ethiodide  was  similarly  prepared  by  refluxing  the  base  for  20  hours  with  ethyl  iodide.  The  yield  was 
60^  of  the  theoretical  Nearly  colorless  prisms  (from  ethyl  alcohol).  M  p.  207" 

Found  N  4.28.  CuHi^NSI.  Calculated  ^  N  4.25, 

SUMMARY 

1.  It  has  been  shown  that  when  3,4-dimethylthioaceianilide  and  3,4-dimethyiphenylthiourea  are  oxidized, 
the  thiazole  ring  is  closed  at  the  ortho  and  para  positions  to  the  methyl  group,  yielding  a  mixture  of  5,6-  and  6,7-di- 
methylbenzothiazoles,  which  contain  a  methyl  or  an  amino  group,  respectively,  at  the  2  position. 

2.  The  properties  of  these  bases  and  of  some  of  their  derivatives  have  been  investigated. 
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THIAZOLIDINE-4-CARBOXYLIC  ACID  AND  ITS  DERIVATIVES 


I.  THE  COMPOUND  WITH  A  THIAZOLIDINE-PYRROLIDONE  RING  SYSTEM 


I.  T.  Strukov 


The  thiazolidine-pyrrolidone  or  thiazolidone-'S-lacum  ring  system  is  interesting  because  of  its  closeness  to 
the  thiazoUdine-  0 -lactam  system  that  is  the  basis  of  penicillin  and  its  analogs. 

(CH,)»C - S. 

I  \CH-CH, 

in, — N  ^ - CO 


This  research  has  been  undertaken  chiefly  to  determine  how  the  '(-lactam  ring  can  be  closed,  using  the 
corresponding  substitution  derivatives  of  thiazolidine-4-carboxylic  acid,  and  to  make  a  study  of  the  properties  of 
these  compounds. 

The  synthesis  was  effected  as  follows: 


^COOCjHj 

(CiHgO),CHCH,Bi 

COOC1H5 
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Condensing  bromodiethyl  acetal  with  malonic  ester  yielded  the  ethyl  ester  of  a -carbethoxy-Ii ,(  -diethoxy- 
butyric  acid  (I),  which  yielded  the  ethyl  ester  of  e-carbethoxy-0-(4-carboxythlazolidyl-2)-propionic  acid  (H)  when 
heated  with  l_-cysteine  hydrochloride.  When  (I)  is  heated  with  cysteine  hydrochloride  for  a  long  time,  the  reaction 
goes  further,  the  comix>und  (II)  being  converted  into  the  IS  -lactam  of  a  *carbethoxy-0  -(4-carboxythiazolldyl-2)- 
propionic  acid  (VI)  and  the  ethyl  ester  of  this  acid  (VII). 


The  pyrrolidone  (  H  lactam)  ring  may  be  closed  in  a  neutral  medium  as  well  as  by  heating  the  hydrochlor¬ 
ide  (II):  this  occurs,  for  example,  when  the  sodium  salt  of  (II)  or  the  free  a-carboxy-0-(4-carboxythiazolidyl-2)- 
propionic  acid  (III)  is  heated.  The  t  -lactam  ring  is  formed  fairly  easily. 
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In  aqueous  solution  the  hydrochlorides  of  2'substitution  derivatives  of  thiazolidineHl-carboxylic  acid  are 
partially  hydrolyzed,  apparently  because  of  the  presence  of  the  adjoining  carboxyl  group.  The  primary  amino 
group  of  cysteine  may  possess  more  highly  basic  properties  than  the  secondary  amino  group  of  the  thiazolidine 
ring  that  is  substimted  at  the  2  position  As  a  rule,  when  water  is  used  to  dilute  the  reaction  mass  produced  by 
condensing  cysteine  hydrochloride  with  the  ethyl  ester  of  a-carbethoxy-lS,^-diethoxybutyric  acid,  a  thiazolidine 
compound  is  ix'ecipitated,  though  the  latter's  yield  is  much  higher  when  the  solution  is  neutralized  until  its  re¬ 
action  is  faintly  acid. 

Somewhat  more  iodine  is  required  for  the  iodometric  titration  of  the  sodium  salt  of  (II)  than  is  needed  for 
oxidation,  the  substance  breaking  down  into  cystine  and  the  corresponding  aldehyde.  This  agrees  fully  with  the 
findings  of  Ratner  and  Clarke  [1]  for  thiazolidine-4-carboxylic  acid.  The  iodometric  method  cannot  be  employed 
for  the  quantitative  determination  of  thiazolidine-4'catboxylic  acid  or  its  derivatives  because  the  aldehyde  pro¬ 
duced  in  the  reaction  reacts  with  the  iodine.  Inasmuch  as  the  rate  at  which  the  cysteine  is  produced  in  the  cleav¬ 
age  of  the  thiazolidine  ring  is  much  higher  than  the  velocity  of  the  reaction  between  the  iodine  and  the  aldehyde, 
iodine  may  be  used  as  a  reagent  for  a  thiazolidine  ring  that  is  unacylated  at  the  nitrogen  atom. 

When  the  iS-lactam  of  a-carbethoxy-8  -(4“carboxythiazolidyl-2)-propionic  acid  (VI)  is  saponified  with  an 
alkali,  it  yields  the  sodium  salt  of  the  Tfi^actam  of  a-carboxy-6-(4-carboxythiazolidyl-2)^ropionic  acid,  from 
which  the  free  acid  (IV)  may  be  readily  secured.  Decarboxylation  of  the  latter  yields  the  l^actam  of  6-(4-carb- 
oxythiazolidyl'2)^ropionic  acid  (V).  The  chemical  properties  of  this  compound  differ  but  little  from  those  of  the 
N-acylated  thiazolidine-4-carboxylic  acids.  It  is  stable  in  the  cold  in  acid  or  alkali  media,  but  is  broken  down 
rather  easily  when  heated  with  solutions  of  caustic  alkalies,  a  thiol  group  being  found  in  the  decomposition  pro¬ 
ducts.  It  hardly  reacts  with  an  iodine  solution. 


It  seemed  possible  to  prepare  the  compound  (V)  from  the  ethyl  ester  of  a“carbethoxy-0,'8-diethoxybutyrlc 
acid  (I)  by  saponifying  it,  decarboxylating  it,  and  condensing  the  resulunt  I ,  'S  -diethoxybutyric  acid  with  cysteine. 
We  were  unable  to  synthesize  it,  however:  a-carboxy-  -diethoxybutyric  acid  (VIII)  is  readily  converted  into 
a-carboxy-T5-ethoxy-'J-butyrolactone  (IX),  decarboxylation  of  which  yields  < -ethoxy- If -butyrolactone  (X): 


(C,I^O),CHCH,CH(COOH), 
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Acylation  of  the  thiazolidine  ring  on  the  nitrogen  makes  it  fairly  stable.  It  seemed  that,  if  the  acylating 
agent  were  to  set  up  an  insuble  bond  with  the  nitrogen,  the  resulting  compound  might  be  of  some  interest  from 
the  standpoint  of  chemotherapy,  since  diacylation  destroys  the  stability  of  the  thiazolidine  ring.  Ethyl  chloro- 
formate  was  used  for  acylation.  N-Carbethoxythiazolidine-4-carboxylic  acid  resembles  N-acetylthiazolidine-4' 
carboxylic  acid  in  all  respects. 


EXPERIMENTAL 


Preparation  of  the  diethyl  ester  of  a -carbethoxy-  -diethoxybutyric  acid.  200  ml  of  absolute  alcohol 
was  placed  in  a  500-ml  round-bottomed  flask  fitted  with  a  reflux  condenser  terminated  with  a  calcium-chloride 
tube,  and  14.4  g  of  metallic  sodium  was  gradually  added.  After  all  the  sodium  had  dissolved,  the  flask  was  cooled 
to  40-50*,  and  then  100  g  of  diethyl  malonate  and  128  g  of  bromodiethyl  acetal  were  added  [2].  The  flask  was 
heated  on  an  oil  bath  for  48  hours  at  a  bath  temperature  of  100-110*.  Then  the  ethyl  alcohol  was  driven  off  on  the 
oil  bath,  the  flask  contents  chilled  to  15-20*,  the  residue  treated  with  200  ml  of  water,  and  the  oil  that  separated 
out  extracted  twice  with  ether.  The  ether  solution  was  washed  with  water  and  dried  with  calcined  sodium  sulfate, 
after  which  the  ether  was  driven  off,  and  the  residue  fractionated  at  a  9-mm  vacuum. 

The  ethyl  ester  of  a-carbethoxy-  U ,  "8 -diethoxybutyric  acid  is  a  colorless  liquid,  faintly  aromatic,  with  a 
b.p.  of  146-147*  at  9  mm;  [n]^  1.4275.  It  is  freely  soluble  in  many  organic  solvents.  The  yield  was  97  g,  or 
56.5^  of  the  theoretical. 

3.574  mg  substance:  7.376  mg  COj;  2.832  mg  HjO.  Found  'jk:  C  56.28;  H  8.87. 

Calculated  C  56^8;  H  8.76. 

Preparation  of  V  -ethoxy-  y  -butyrolactone  (X).  10  grams  of  the  ethyl  ester  of  a-carbethoxy-  8 ,1S  -dlethoxy- 

butytic  acid,  30  ml  of  ethyl  alcohol,  20  ml  of  water,  and  7.5  ml  of  a  29*55)  solution  of  sodium  hydroxide  were  re¬ 
fluxed  for  1  hour.  The  solution  became  faintly  alkaline.  It  was  concentrated  to  a  thick  symp  in  vacuo  on  a  water 
bath.  Then  100  ml  of  ether,  2  ml  of  concentrated  sulfuric  acid,  and  10  ml  of  water  were  added,  and  the  mass  was 
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vigorously  agitated.  The  ether  solution  was  decanted.  Ether  extraction  was  repeated  two  more  times.  Then  the 
ether  extract  was  dried  with  calcined  sodium  sulfate,  the  ether  driven  off  on  a  water  bath,  and  the  residual  oil 
dried  in  vacuo  This  yielded  6.5  g  of  technical  a  -carboxy  l  -ethoxy-  1  -butyrolactone.  It  is  obvious  that  a  -carb- 

t  -diethoxybutyric  acid  is  unstable,  being  readily  converted  to  the  corresponding  butyrolactone,  alcohol 
being  split  off.  In  direct  titration  of  this  acid,  0.1353  g  required  7.8  ml  of  0.1  N  sodium  hydroxide  solution,  equiv¬ 
alent  to  100.6^,  based  on  C7H10O5.  The  presence  of  the  ^S-lactone  ring  may  be  established  quantitatively  by 
means  of  back  titration.  Thus,  16  ml  of  a  0.1  N  sodium  hydroxide  solution  was  added  to  0.1353  g  of  the  substance, 
the  whole  being  heated  to  boiling  and  left  to  stand  for  18  hours.  0  36  ml  of  0.1  N  NaOH  was  back  titrated,  equiv¬ 
alent  to  lOO.d^,  based  on  the  acid  €7117005,  in  which  the  free  and  the  esterified  carboxyl  groups  were  back-titrated. 

The  a -carboxy-  ^  -ethoxy  -  15  -  butyrolactone  was  decarboxylated  on  an  oil  bath  at  150*  until  no  more 
carbon  dioxide  was  evolved.  The  residue  was  fractionated  in  vacuo,  yielding  a  fraction  with  a  b.p.  of  88-90* 
at  10  mm.  A  colorless  liquid  with  the  odor  of  stearin,  freely  soluble  in  alcohol,  ether,  and  ethyl  acetate,  and 
insoluble  in  water. 

3.642  mg  substance;  7.953  mg  CO^;  2.570  mg  H{0.  5.116  mg  substance:  10.161  mg  CO^;  3.638  mg 
H,0.  Found  C  55.31,  55.16;  H  7.89,  7.95.  CeHijOj.  Calculated  ‘jk;  C  55.35;  H  7.75. 

The  substance  conuined  a  lactone  group,  disclosed  by  back-titration  after  it  had  been  heated  with  a 
sodium  hydroxide  solution.  20  ml  of  0.1  N  NaOH  was  added  to  0.1068  g  of  the  substance,  and  the  mixture 
was  refluxed  for  1  hour.  After  the  mixture  had  cooled,  11.7  ml  of  0.1  N  NaOH  was  back -titrated,  equivalent 
to  100.9?,  based  on  li  -ethoxy-*  ll -butyrolactone  (CgHioOs). 

Ethyl  ester  of  a  -carbethoxy-6  -(4-carboxythiazolidyl-2)-propionic  acid  (11).  5  g  of  jrcystcine  hydro¬ 
chloride  was  dissolved  in  2  ml  of  water,  8.5  g  of  the  ethyl  ester  of  a -carbethoxy-’J,? -diethoxybutyric  acid 
was  added,  and  the  whole  was  heated,  with  vigorous  stirring,  on  a  boiling  water  bath  for  10  minutes.  The 
emulsion  produced  at  the  start  of  the  reaction  quickly  disappeared,  a  yellow  homogeneous  mass  being  formed. 

It  was  transferred  to  100  ml  of  water,  with  constant  stirring,  crystallization  setting  in  at  once.  The  hydrochloric 
acid  was  neutralized  by  carefully  adding  23  ml  of  a  5?  solution  of  sodium  bicarbonate  and  allowing  the  mass 
to  stand  for  24  hours  at  0  to  42*.  Then  the  precipitate  was  filtered  out,  washed  with  ice  water,  dried  at 
30-40*,  and  washed  with  ether  in  a  separate  little  flask.  The  yield  was  6.5  g  or  68?  of  the  theoretical.  The 
substance  was  recrystallized  from  40  ml  of  water;  m.p.  124-125'*.  The  ethyl  ester  of  a-carbethoxy-0  - 
(4-carboxythiazolidyl-2) -propionic  acid  (lamellae)  is  sparingly  soluble  in  cold  water  and  freely  soluble  in 
hot  water,  sparingly  soluble  in  ether,  soluble  in  alcohol,  ethyl  acetate,  acetone,  and  chloroform,  hardly  sol¬ 
uble  in  benzene,  and  insoluble  in  gasoline;  it  is  freely  soluble  in  alkalies.  When  a  4?  aqueous  solution  of  the 
sodium  salt  is  stored,  the  substance  decomposes,  yielding  hexahedral  crystals  of  l_-€ystine,  the  odor  of  acet¬ 
aldehyde  malonic  ester  being  perceptible.  A  freshly  prepared  aqueous  solution  does  not  exhibit  a  reaction  for 
the  thiol  group  with  ammonia  and  sodium  nitroprusside,  though  after  it  has  been  heated  with  a  5?  solution  of 
sodium  hydroxide  the  thiol  group  is  revealed  by  the  bright  crimson  color  produced  by  sodium  nitroprusside. 

When  the  Na  salt  is  titrated  in  a  water-alcohol  medium  with  a  0.1  N  solution  of  iodine,  the  latter  is  quickly 
decolorized,  and,  although  the  titration  endpoint  is  readily  detectable,  the  results  obtained  are  too  high, 
owing  to  the  oxidation  of  the  aldehyde  produced  during  the  .reaction.  When  the  titrated  solution  is  allowed  to 
stand,  a  precipitate  of  ^-cystine  soon  begins  to  settle  out;  m.p.  220-222*  (true  hexagonal  lamellae).  0.700  g 
of  the  substance  was  dissolved  in  20  ml  of  ethyl  alcohol  and  back-titrated  with  2.3  ml  of  0.1  N  NaOH,  equiv¬ 
alent  to  100.5?  in  terms  of  CJ2H75OSNS. 

6.027  mg  substance:  0.244  ml  (21®,  746.5  mm).  Found  ?:  N  4.62.  CuHi/^gNS.  Calc.?:  N  4.59. 

Cleavage  of  the  thiazolidine  ring  by  mercuric  chloride.  1  g  of  the  ethyl  ester  of  a-carbethoxy-8  -(4- 
carboxythiazolidyl-2) -propionic  acid,  0.9  g  of  mercuric  chloride,  and  10  ml  of  methanol  were  rapidly 
stirred,  causing  dissolution  at  first,  though  the  solution  quickly  began  to  turn  cloudy,  a  white  crystalline 
complex  salt  of  cysteine  and  mercuric  chloride  settling  out.  To  complete  cleavage,  we  added  1  ml  of  water, 
shook  the  mixture  up,  and  allowed  it  to  stand  for  1  hour.  Then  the  precipitate  was  filtered  out,  and  the  filtrate 
evaporated  in  vacuo  to  dryness.  The  crystalline  residue  was  treated  with  50  ml  of  ether,  the  acetaldehyde 
malonic  ester  dissolving  and  the  solution  being  filtered  to  free  it  of  the  ixecipitate.  The  precipitate  weighed 
about  1.3  g.  The  ether  solution  was  washed  with  10  ml  of  2  N  HCl,  and  then  twice  with  water,  after  which  it 
was  dried  with  a  calcined  sodium  sulfate  and  the  ether  driven  off.  This  left  0.5  g  of  a  light -yellow 
liquid,  which  reduced  silver  from  a  complex  ammoniacal  silver  salt. 
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t  -Lactam  of  a  -carbethoxy-  6  -( 4  -carboxythla2olldyl-2 )  -propionic  acid  (VI).  2.6  ml  of  a  202  alco¬ 
holic  solution  of  sodium  hydroxide  (in  methanol)  was  added  to  4  g  of  the  ethyl  ester  of  fl-carbethoxy-0-(4- 
carboxythiazolidyl-2) -propionic  acid  in  30  ml  of  methanol.  The  acid  dissolved.  The  reaction  must  be  neu¬ 
tral  and  not  alkaline.  The  methanol  was  driven  off,  the  residue  being  heated  on  a  boiling  water  bath  for  4 
hours.  This  produced  a  yellow  hyaline  mass,  which  dissolved  completely  in  30  ml  of  water.  The  substance 
settling  out  when  the  solution  was  acidulated  with  2  ml  of  402  sulfuric  acid,  was  extracted  with  ethyl  acetate.  The 
ether  extract  was  washed  with  8  ml  of  dO'jt  sulfuric  acid,  washed  twice  with  water,  and  dried  with  calcined  sodium 
sulfate.  The  ethyl  acetate  was  driven  off,  and  the  remaining  light-yellow  oil  dried  in  a  lO^nm  vacuum  on  a  boiling 
water  bath,  yielding  2.7  g  of  the  substance. 

A  very  thick,  light-yellow  oil,  insoluble  in  water  and  freely  soluble  in  alcohol,  ether,  chloroform, 
benzene,  and  a  sodium  hydroxide  solution.  The  potential  thiol  group  was  disclosed  by  a  reaction  with  sodium 
nitroprusside  after  the  substance  had  been  heated  for  1  -2  minutes  with  a  202  solution  of  sodium  hydroxide. 

The  solution  decolorized  iodine  extremely  slowly.  Titration  with  a  0.1  N  solution  of  sodium  hydroxide  in 
an  alcoholic  solution  yielded  101.12  ^nd  101.32,  based  on  C^gHuOsNS  as  a  monocarboxylic  acid. 

0.3340  g  substance;  0.2900  g  BaS04.  0.3140  g  substance:  0.2718  g  BaSO^.  6.000  mg  substance; 

2.40  ml  0.01NH,S04.  Found  2:  S  11.92,  11.88;  N  5.60.  CigHijOsNS.  Calc.  2:  S  12.35;  N  5.40. 

< -Lactam  of  a  -carboxy- B-(  4 -carboxythiazolidyl-2)  -propionic  acid  (IV).  15  g  of  the  t- 

lactam  of  fl-carbethoxy-6-( 4 -carboxythiazolidyl-2) -propionic  acid  was  dissolved  in  100  ml  of  methanol, 
and  23  g  of  a  202  solution  of  sodium  hydroxide  in  methanol  was  added.  A  crystalline  precipitate  of  the 
sodium  salt  soon  began  to  settle  out.  The  reaction  mass  was  refluxed  for  6  hours  at  50-60*  to  complete  sapon¬ 
ification.  After  the  mass  had  cooled,  the  precipitate  was  filtered  out,  washed  twice  with  a  small  quantity  of 
cold  methanol,  and  dried  in  a  vacuum  desiccator.  This  yielded  11.2  g  of  the  sodium  salt — a  light-yellow 
powder  that  blazed  brightly.  The  salt  was  hygroscopic. 

Found  2:  Na  16.4.  C|H,05NSNaj.  Calculated  2:  Na  16.73. 

10  g  of  the  resultant  sodium  salt  was  treated  with  20  ml  of  252  sulfuric  acid,  the  dicarboxylic  acid 
produced  being  extracted  eight  to  ten  times  with  ether.  The  ether  solution  was  dried  with  calcined  sod¬ 
ium  sulfate,  and  the  ether  was  driven  off  until  the  volume  totaled  10-15  ml.  As  the  ether  evaporated,  large 
crysuls  soon  began  to  settle  out  in  the  crystallizer;  they  were  filtered  out  and  washed  with  a  small  quantity 
of  ether.  The  yield  was  3.6  g.  Large  prisms  from  an  acetone-benzene  mixture,  m.p.  134-135*  (with  decomp.), 
freely  soluble  in  water,  acetone,  alcohol,  and  ethyl  acetate,  sparingly  in  ether,  and  insoluble  in  benzene. 

The  potential  thio  group  was  detected  in  the  same  way  as  for  the  compound  (VI).  It  reacted  very  slowly  with 
an  iodine  solution.  Titration  with  0.1  N  solution  of  sodium  hydroxide  yielded  99.0-99.12,  based  on  the 
dicarboxylic  acid  CgHgOgNS. 

5.713  mg  substance;  0.289  ml  N*  (21.7*,  751  mm).  Found  2:  N  5.8.  CgHgOsNS.  Calc. 2:  N  6.06. 

<-Lactam  of  B-(  4 -carboxythiazolidyl-2 ) -ixiopionic  acid  (V).  When  the  ?- lactam  of  a-carboxy- 
B-(4-carboxythiazolidyl-2) -propionic  acid  was  heated  to  130-140*  at  a  vacuum  of  10  mm  for  1.5  hours  in  a 
Wurtz  flask,  CO|  was  liberated.  The  residual  yellow  oil  quickly  crystallized  upon  cooling.  The  f -lactam  was 
recrysullized  from  1:3  acetone.  Large  prisms  with  a  m.p,  of  137-137.5*,  freely  soluble  in  water,  alcohol,  and 
acetone,  less  so  in  ethyl  acetate,  ether,  and  chloroform,  and  insoluble  in  benzene.  An  aqueous  solution  reacts 
very  slowly  with  iodine.  The  potential  thiol  group  was  detected  as  in  the  case  of  the  compound  (VI).  It 
titrated  as  a  monocarboxylic  acid  with  a  0.1  N  solution  of  NaOH,  yielding  99.2-99.52,  based  on  CyH^OsNS. 

8.023  mg  substance;  4.36  ml  0. 01  N  H1SQ4  8.151  mg  substance;  4.38  ml  0.01  N  1^804.  Found  2: 

N  7.61,  7.53.  C7H9O3NS.  Calculated  2:  N  7.49. 

The  compound  (V)  does  not  precipitate  a  complex  salt  of  cysteine  and  HgCl^  when  treated  with  a  sol¬ 
ution  of  mercuric  chloride,  which  is  evidence  of  the  stability  of  the  thiazolidine  ring  when  acetylated  on  nitrogen. 

g-Lactam  of  g-carbethoxy-fi  -(4-carbethoxythiazolidyl-2) -propionic  acid  (VII).  This  compound  was 
readily  produced  by  heating  1^-cysteine  hydrochloride  for  2  hours  with  the  ethyl  ester  of  a -carbethoxy- 
t ,  %  -diethoxybutyric  acid.  Small  quantities  of  the  compound  (VI)  were  produced  at  the  same  time,  which 
indicates  how  easily  the  carboxyl  group  of  the  thiazolidine  ring  can  be  esterified. 

5  g  of  cysteine  hydrochloride  was  heated,  with  stirring,  for  2  hours  with  8.5  g  of  the  ethyl  ester  of 
o-carbethoxy-^ -diethoxybutyric  acid.  The  resultant  thick  yellow  oil  was  treated  with  50  ml  of  ether  and 
20  ml  of  water.  The  ether  solution  was  separated,  washed  (while  shaken  vigorously)  with  10  ml  of  402  sulfuric 


acid,  and  then  with  20  ml  of  a  5^  solution  of  sodium  bicarbonate  and  with  water,  and  dried  vrith  calcined 
sodium  sulfate.  The  ether  solution  was  filtered,  and  the  ether  driven  off  on  a  water  bath.  The  residual  ether 
was  eliminated  in  vacuo,  leaving  behind  a  thick,  non-crysullizing,  light-yellow  oil;  it  was  insoluble  in  water, 
though  heely  soluble  in  alcohol,  ether,  acetone,  and  chloroform.  The  potential  thiol  group  was  detected  as 
indicated  above.  It  reacts  hardly  at  all  with  iodine  in  an  alcoholic  solution.  Saponification  yields  the  com¬ 
pound  (IV)  with  a  m.p.  of  132-134*  (with  decomp.). 

Found?:  N  5.01,  4.9  CnHnOsNS.  Calculated?;  N  4.87. 

N  -Carbethoxythiazolidlne  -4 -carboxylic  acid.  3  g  of  the  calcium  salt  of  thiazolidine -4 -carboxylic 
acid,  30  ml  of  water,  and  2  g  of  ethyl  chloroformate  were  agitated  together  for  5  minutes.  The  calcium  salt 
dissolved,  the  liquid  becoming  transparent  The  next  day  the  solution  was  evaporated  in  vacuo  on  a  water  bath. 
The  residue  was  processed  with  ether,  the  ether  solution  being  dried  with  calcined  sodium  sulfate  and 
filtered.  Large  octahedra  formed  when  the  ether  was  slowly  evaporated.  They  were  filtered  out  and  washed 
with  a  small  amount  of  anhydrous  ether.  The  yield  was  2.5  g;  m.p.  96-97*.  The  substance  is  very  soluble 
in  hot  water,  alcohol,  ether,  benzene,  chloroform,  and  ethyl  acetate,  and  insoluble  in  gasoline.  It  does  not 
decolorize  an  iodine  solution.  It  does  not  produce  a  complex  salt  of  cysteine  and  mercuric  chloride  when 
reacted  with  a  solution  of  HgCl^,  which  is  evidence  that  the  thiazolidine  ring  is  stabilized  by  the  presence  of 
a  carbethoxy  group  attached  to  the  nitrogen  atom. 

Titration  of  0.1035  g  of  the  substance  with  a  0.1  N  solution  of  sodium  hydroxide  used  up  5  ml  of  the 
alkali,  equivalent  to  99.01?,  based  on  N-carbethoxythiazolidIne-4- carboxylic  acid. 

3.571  mg  substance:  0.214  ml  (20*.  744  mm),  7.261  mg  substance;  0.446  ml  1^  (24.5*,712  mm). 
Found<7o;  N  6.82,  6.87.  CtHuO^NS.  Calculated  N  6.82. 

SUMMARY 

1.  Several  thiazolidine -pynoUdone -carboxylic  compotmds  have  been  synthesized  from  1^-cysteine 
hydrochloride  and  the  diethyl  ester  of  0,6  'dlethoxyethylmalonic  acid. 

2.  N-Carbethoxythiazolldine -4  “Carboxylic  acid  has  been  synthesized. 

The  physical  and  chemical  properties  of  these  compounds  resemble  those  of  the  N  -acylthlazolidine- 
4 -carboxylic  acids. 
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THE  8  -  SUBSTITUTION  DERIVATIVES  OF  METHYLATED  XANTHINES 


II.  SYNTHESIS  OF  e-(CAFFEINE-8)-PROPIONIC  ACID 


E.  S.  Golovchinskaya  and  E.  S.  Chaman 


In  a  previous  report  [1],  one  of  the  present  authors  has  described  caffeine-8-aldehyde.  This  compound  is 
formed,  with  a  high  yield,  from  S^ethylcaffeine  [2].  The  use  of  caffeine-6-aldehyde  as  a  raw  material  has  opened 
up  extensive  prospects  for  the  synthesis  of  various  derivatives  of  caffeine,  especially  monobasic  and  dibasic  aliph* 
atic  acids  with  three-membered  carbon  chains,  substituted  at  the  8  position. 

Only  very  few  caffeine  derivatives  substituted  at  the  8  position  are  known  at  the  present  time.  Two  repre¬ 
sentatives  of  this  group  are  known;  caffeine-8-carboxylic  acid  [3]  and  caffeine-8-acetic  acid  [4]: 


Both  of  these  acids  are  highly  unstable;  they  are  readily  decarboxylated,  being  converted  into  caffeine  and 
8-methylcaffeine,  respectively.  There  are  no  descriptions  in  the  literature  of  compounds  with  elongated  chains 
or  of  unsaturated  and  dibasic  acids  of  this  series. 

It  might  have  been  supposed  that  lengthening  the  aliphatic  chain  and,  hence,  increasing  the  distance  between 
the  carboxylic  group  and  the  caffeine  ring  would  diminish  the  influence  of  die  latter  upon  that  group,  thus  producing 
more  highly  stable  compounds.  In  the  patent  literature  there  is  a  description  of  a  method  for  preparing  methylated 
derivatives  of  xanthine-8-<:arboxylic  acids,  involving  the  acylation  of  2,6-dihydroxy-4,5-<liaminopytlmidine  and  its 
methylated  homologs  with  dicarboxylic  aliphatic  acids  [5].  Closure  of  the  imidazole  ring  in  the  resultant  acylated 
diamines  leads  to  the  formation  of  xanthine,  as  well  as  mono-  and  dimeihylxanthine,  with  an  aliirfiatic  acid  sub- 
stituv:ed  at  the  8  position.  This  method  was  employed  to  synthesize  theophylllne-8^ropionlc  acid  and  other  com¬ 
pounds,  Further  methylaiion  of  these  acids  would  apparently  have  yielded  the  corresponding  derivatives  of  caffeine. 
This  cumbersome  and  complicated  reaction  pattern  does  not  profide  satisfactory  yields  of  the  end  product,  whereas 
synthesis  employing  caffeinaldehyde  ensures  high  yields  in  every  stage  of  the  process. 

The  first  stage  of  this  synthesis  — condensing  caffeinaldehyde  with  malonic  acid  in  glacial  acetic  acid  — 
results  in  the  formation  of  caffeine-8-methylenemalonic  acid  (I); 


CH,— N  —  CO 


0<t 


^OOH 


CH,  — N — CO 


•CHO 


CH,— N— C 


:ooH 


CH,  — N - C —  N 


COOH 


(I) 


This  acid  proved  to  be  a  rather  stable  compound,  carbon  dioxide  being  split  out  only  upon  fusion  (236*), 
which  converted  the  acid  into  B-(caffeine-8)-acrylic  acid  (II).  Hydrogenating  the  latter  yielded  &-caffeine-8- 
propionic  acid  (IE): 


-n/  COOH 

^-CH=c/ 
-N^  COOH 


(D 


-CO, 

236“ 


-CH  =  CH-COOH 


(H) 


H, 

-CH,-CI%-COOH 


(HI) 
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Another  possible  synthesis  procedure  involves  the  preliminary  hydrogenation  of  caffeine-SHtiethylenemalonic  acid, 
followed  by  decarboxylation  of  the  resultant  caffeine-8-isosuccinic  acid  (IV): 


/CH, 

yCOOH 

^-CH=cC 

-N^  COOH 

(D 


-Nr 


CH, 


COOH 
\:OOH 


(IV) 


-< 

Jp  -CHj-CHj-COOH 
(HI) 


High  yields  of  ^caffeine propionic  acid  were  secured  by  both  methods.  Partial  decarboxylation  of  caffeine- 
methylenemalonic  acid  and  hydrogenation  with  Raney's  nickel  of  an  aqueous  solution  of  the  sodium  salt  of  the 
caffeineacrylic  acid  (II)  prepared  from  it  yielded  an  extrem.ely  stable  crystalline  substance  with  a  m.p.  of  232-233*, 
6  -(caffeine-8)-propionic  acid  (III),  which  we  were  unable  to  decarboxylate,  either  by  heating  it  above  its  melting 
point  or  even  by  heating  it  to  high  temperatures  with  quinoline.  Hydrogenating  the  sodium  salt  of  caffeinemethyl- 
enemalonic  acid  under  the  same  conditions  yielded  an  acid  with  a  m.p.  of  230-232“,  which  gave  off  no  carbon  di¬ 
oxide  even  when  heated  to  250-260*  and  greatly  resembled  6‘  (caffeine-8)-propionic  acid  in  appearance  and  in 
solubility  in  water  and  organic  solvents.  The  mixed  melting  point  of  these  two  acids  exhibited  no  depression. 

The  unexpected  similarity  in  the  physicochemical  properties  of  these  two  compounds  and  the  absence  of 
any  depression  of  their  mixed  melting  point  led  us  at  first  to  believe  riiat  the  saturated  dicarboxyllc  acid  (IV)  is 
so  unstable  that  it  is  readily  decarboxylated  at  the  instant  of  its  formation  o:  during  its  recovery  from  its  sodium 
salt.  This  assumption  was  nullified,  however.,  by  the  results  of  elementary  analysis  and  titration,  which  bore  out 
that  two  acids  —  a  monobasic  and  a  dibasic  one  —  we'e  produced  in  these  reactions.  Further  research  also  demon¬ 
strated  that  the  synthesized  dicarboxyllc  acid  gave  off  carbon  dioxide  when  heated  to  130*  with  quinoline,  yielding 
6  -(caffeine -8) -propionic  acid. 


There  was  a  considerable  difference  between  the  melting  points  of  the  ethyl  esters  of  these  two  acids,  and 
their  mixed  melting  point  exhibited  a  marked  depression  The  diethyl  ester  of  caffeine-6-isosuccinic  acid,  with 
a  m.p,  of  101*,  was  likewise  synthesized  by  .reacdng  8-chloromethylcaffeine  with  sodium  malonic  ester  in  absolute 
toluene.  This  ester  proved  to  be  the  same  as  the  ester  of  the  dicarboxyllc  acid  described  above,  and  as  the  ester 
produced  by  hydrogenating  the  diethyl  ester  of  caffeine"8-iT.eii±'ylenetr.alonic  acid  (I). 


CH, 


CHjCl  +  NaHC(CO(X:^;ft;),j 


^  -CHf-CH(COOH)i 
■N^ 


< 

Jp-CH  =c(cocx:,H5,)j 
nx 


.CH, 


-  CHj;-  CHfCOOCjHs), 


Saponifying  this  ester  in  an  acid  medium  involved  partial  decarboxylation  and  resulted  in  the  formation 
of  &(caffeine-8) -propionic  acid,  while  es ierification  of  the  latter  yielded  the  ester  with  an  m.p.  of  136*. 

These  reactions  showed  the  caffeine  -8  -isosiiccinic  acid  was  an  ext»aordinarily  stable  compound,  in  con¬ 
trast  to  other  dicarboxylic  acids  with  two  carboxylic  groups  on  a  single  carbon  atom,.  They  likewise  constituted 
a  rather  rare  instance  of  the  absence  of  depression  of  me  mixed  mieliing  point  of  two  distinct,  though  related, 
compounds,  whose  iwoperties  and  m.eWng  points  happen  to  coincide. 

6-(Caffeine -8) -propionic  acid  wa.s  identified  via  several  of  i>s  este.rs,  including  alkyl  aminoethyl  esters. 
The  latter  were  prepared  by  reaching  the  acid  cnlotide  with  alkyl  aminoe^hanols 

In  our  investigation  of  the  reaction  invoived  in  the  forrr.iatlon  of  the  acid  chloride  by  heating  the  acid 
with  a  large  excess  of  ihlonyl  chloride  we  secured  a  compound  that  contained  29  55‘55)  of  chlorine.  It  proved  to 
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be  6-(caffeine  -8)  -dlchloropropionyl  chloride,  with  both  of  the  chlorine  atoms  in  the  side  chain.  The  only  way 
we  could  secure  the  acid  chloride  of  the  acid  unsubstituted  by  chlorine  was  by  cautiously  heating  the  acid  with 
a  slight  excess  of  thionyl  chloride  (8-10<^)  in  absolute  benzene.  This  acid  chloride  proved  to  be  so  unstable 
that  we  could  not  purify  it  for  analysis,  inasmuch  as  it  was  partially  hydrolyzed  during  crysullization,  even 
from  absolute  benzene.  Still  there  is  no  doubt  about  the  structure  of  the  acid  chloride,  since  the  action  of 
ammonia  upon  it  produced  a  nearly  quantitative  yield  of  an  amide  that  was  the  same  as  the  amide  formed 
from  the  methyl  ester  of  0-(caffelne  -8) -propionic  acid  when  reacted  with  aqueous  ammonia. 

The.  authors  wish  to  express  their  heartfelt  gratitude  to  Prof.  O.  Yu.Magidson  for  his  interest  in  the 
present  research, 


EXPERIMENTAL 

(Caffeine  -8)-m.ethylenemaionic  acid.  44.7  g  of  8 -caffeinaldehyde,  23  g  of  malonic  acid  (prepared 
by  the  V.  M  Rodionov  and  A,  A.  Zvorykina  method  [6]),  and  75  ml  of  glacial  acetic  acid  were  stirred  together 
while  heated  to  90  -95*  on  a  water  bath  for  5  hours.  The  cooled  reaction  mass  was  filtered,  the  precipitate 
being  washed  with,  glacial  acetic  acid  and  ether  and  then  dried.  The  yield  was  51  g,  or  %2°jo  of  the  theoretical. 

The  product  was  crystallized  from  1»60  glacial  acedc  acid.  A  yellow  powder  with  an  m.  p.  of  235  -236*  (with 
decomposition),  insoluble  in  water,  alcohol,  chlorofo.tm,  and  other  organic  solvents,  and  soluble  in  a  solution 
of  NaHC03,  giving  off  COj.  It  settles  out  of  an  acidulated  aqueous  solution  of  the  sodium  salt  in  linked  clusters 
of  minute  needles. 

6.280  mg  substance-  8.22  mJ  0.01  N  H3SO4  5.132  mg  substance;  6.67  ml  0.01  N  HtS04. 

Found  N  18.35,  18.39.  CjaHaOeN4  Calculated  <51)“  N  18.18. 

Diethyl  ester  of  (caffeine -8) -methylenemaionic  acid.  3  grams  of  (caffeine  8)  -methylenemalonic  acid 
was  heated  on  a  boiling  water  bath  for  6  hours  with  a  mixture  of  50  ml  of  absolute  ethyl  alcohol  and  1  g  of  sul¬ 
furic  acid  (1  84)  As  the  mixture  cooled,  1.85  g  of  the  es!:et,  with  an  m.p,  of  181-183*,  crystallized  out.  Another 
0.35  g  of  the  ester  was  recovered  from  the  filtxate  by  the  usual  procedures.  The  yield  totaled  2.2  g,  or  62*511  of 
the  theoretical  The  ester  was  crysulUzed  from  alcohol  (1:10)  for  analysis.  Faintly  yellowish-gieen  minute  silky 
needles  with  an  ir.i„p  of  183-184“ 

6.708  mg  substance:  7.33  ml  0  01  N  HJSO4.  6.435  mg  substance-  7.13  ml  0.01  N  H2SO4.  3.531  mg  substance; 

6  835  mg  COj;  1.678  mg  H*0.  Found  <5b-  C  52  79;  H  5.31;  N  15.39,  15.49.  Ci6H*,08N4  Calculated  ojo'- 

C  52.75;  H  5.49;  N  15  39. 

8 -(Caffeine -8) -acrylic  acid.  1.5  grair's  of  (caffeine -8) -mediylenemalonic  acid  was  heated  for  50-60 
minutes  with  7  ml  of  quinoline  at  a  bath  temperature  of  150-160*.  The  caffeinacrylic  acid  that  settled  out  upon 
cooling  was  filtered  and  washed  with,  dilute  HCl  and  with  water  Then  it  was  dissolved  in  a  solution  of  NaHCOj 
and  precipitated  by  acidulating  the  solution.  The  yield  was  0.7  g  The  quinoline  filtrate  was  agitated  2  or  3  times 
with  a  NaHCOj  solution  The  bicarbonate  solution  was  washed  repeatedly  vrith  diethyl  ether  and  then  acidulated 
with  hydrochloric  acid  (1.19)  unril  its  reaction  was  faintly  acid  with  Congo  red.  This  yielded  another  0.1  g  of 
The  caffein-acrylic  acid  The  total  yield  was  0.8  g,  or  62,  5<5fc  of  the  theoretical.  A  yellow,  finely  crystaUine 
substance,  with  an  m.p.  of  269-  271*  (with  decomposition).  It  was  crystallized  from  methyl  ethyl  ketone  (1-100), 
from  chlorotoluene  (1-120)  and  from  butyl  alco.noi  (1;160X  as  thin,  transparent,  rhombic  lamellae.  It  is  insoluble 
in  water,  ethyl  alcohol,  or  chloioform. 

4.544  mg  substance-  6.85  ml  0.01  N  HjS04.  3.621  mg  substance-  5.46  ml  0.01  N  HJSO4 

Found N21.10.21.il.  C3:iHi204N4.  Calculated  <5b;  N  21.21. 

Ethyl  ester  of  8  -(caffeine -8) -acrylic  acid.  2  grams  of  caffeinacrylic  acid  was  heated  for  6  hours  with 
a  mixture  of  80  ml  of-absolute  ethyl  alcohol  and  0.5  g  of  sulfuric  acid  (1.84).  After  the  solution  had  cooled, 

1.9  g  of  the  ester  crystallized  out.  The  filtrate  was  processed  in  the  usual  manner,  yielding  another  0.2  g  of 
the  ester.  The  ester  was  purified  by  crys  allizing  it  from  alcohol.  The  total  yield  was  2.0  g  (90<Jfc  of  the  theor¬ 
etical)  Faintly  colored  minute  need;.es,  with,  an  m,  p.  of  207-208*,  very  soluble  inchloroform.  It  crystallizes 
from  alcohol,  carbon  tetrachloride,  and  ethyl  acetate.  It  is  insoluble  in  water. 

5.386  mg  substance;  7.40  ml  0.01  N  1^804.  7.015  mg  substance;  9.54  ml  0.01  N  1^804. 

Found  N  19.23,  19.04.  CisI4604N<i.  Calculated  <5l>;  N  19.17. 
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B  -(Caffeine -8) -propionic  acid.  0.5  gram  of  caffeinacrylic  acid  was  dissolved  in  18.8  ml  of  O.IN  NaOH, 
0.5  g  of  a  Raney  nickel  catalyst  was  added,  and  the  solution  was  hydrogenated  at  room  temperature  for  45  minutes, 
with  mechanical  stirring,  45  ml  of  hydrogen  being  absorbed.  The  reaction  mass  was  filtered,  the  catalyst  washed 
with  1-2  ml  of  water,  and  the  combined  filtrate  and  wash  water  was  acidulated  with  hydrochloric  acid  (1.19) 
until  its  reaction  was  slightly  acid  with  Congo  red.  0.48  gram  (96<5i)  of  the  theoretical)  of  caffeinepropio  nlc  acid 
gradually  settled  out.  A  white,  finely  crystalline  substance  with  an  m.p.  of  232-233*.  It  crystallized  as  minute 
needles  from  water,  methanol  (1:35),  and  ethyl  alcohol  (1:40).  It  is  insoluble  in  benzene  or  chloroform. 

0.3366  g  substance;  12.77  ml  0.1  N  NaOH.  Calculated:  12.65  ml  0.1  N  NaOH.  5.387  mg  substance: 

8.10  mg  0.01  N  H{S04.  5.878  mg  substance;  8.87  mg  0.01  N  1^804.  Found‘d:  N  21.05,  21.12. 

C11HJ4O4N4.  Calculated  <5t:  N  21.05. 

Ethyl  ester  of  0  -(caffeine -8) -propionic  acid.  2  grams  of  caffeinepropionlc  acid  was  heated  for  4  hours 
with  a  mixture  of  30  ml  of  absolute  ethyl  alcohol  and  0.5  g  of  H{S04  (1.84).  The  alcohol  was  then  driven  off, 
and  the  residue  was  treated  with  ice  water,  the  ester  being  precipitated  with  anhydrous  NaHCOs  and  extracted 
vfith  chloroform.  The  ester  yield  was  1.8  g  (81*55)  of  the  theoretical).  White  lamellae  with  an  m.p.  of  135  -136*, 
very  soluble  in  chloroform,  and  insoluble  in  water.  The  ester  crystallizes  from  alcohol. 

5.919  mg  substance;  7.97  ml  0.01  N  HJSO4.  5.876  mg  substance;  7.91  ml  0.01  N  H^04. 

Found  <55);  N  18.85,  18,91.  CUHJJO4N4.  Calculated ‘Sb:  N  19.05. 

Hydrogenating  the  ethyl  ester  of  0  -(caffeine -8)-  acrylic  acid.  A  suspension  of  0.5  g  of  the  ethyl  ester 
of  caffeinacrylic  acid  in  100  ml  of  ethyl  alcohol  was  hydrogenated  for  40  minutes  at  room  temperature,  with 
mechanical  stirring,  with  0.5  g  of  Raney  nickel  catalyst,  45  ml  of  hydrogen  being  absorbed.  The  catalyst  was 
filtered  out,  and  the  alcohol  driven  off.  The  ethyl  ester  of  0  -(caffeine -8) -propionic  acid  has  an  m.p.  of 
132  -133*.  The  yield  was  0.48  g  (95*5b  of  the  theoretical). 

Methyl  ester  of  0  -(caffeine  -8)  -propionic  acid  25  gra  ms  of  caffeinepropionic  acid  was  heated  for 
4  hours  with  a  mixture  of  300  ml  of  absolute  methanol  and  5  g  of  H*S04  (1.84).  The  ester  yield  was  23  g 
(87‘5b  of  the  theoretical)  The  ester  was  purified  by  crystallizing  it  from  1;10  methanol  and  ethyl  alcohol. 

Minute  white  needles  with  an  m.p.  of  162-164* 

5  872  mg  substance;  8.39  ml  0.01  N  H2SO4  5.985  mg  substance;  8.60  ml  0.01  N  1^804. 

Found  <5b:  N  20.00.  20.12.  CuHi604N4.  Calculated  N  20.00. 

8odium  0  -(caffeine -8) -propionate.  An  alcoholic  solution  of  NaOH  was  added  to  a  heated  and  stirred 
solution  of  5  g  of  caffeinepropionic  acid  in  200  ml  of  absolute  alcohol  until  the  reaction  with  phenolphthalein 
was  slightly  alkaline.  The  solution  was  stirred  for  an  hour  and  a  half  and  then  allowed  to  stand  overnight.  A 
crystalline  precipitate  settled  out  slowly.  The  solution  was  heated  to  boiling  and  rapidly  filtered  while  hot. 

The  yield  was  4  g,  or  74^o  of  the  theoretical.  Driving  off  the  alcohol,  dissolving  the  residue  in  water,  and 
acidulating  the  solution  yielded  1.1  g  of  the  initial  acid.  The  salt  consisted  of  nuaute  white  needles  with 
an  m.p,  of  280  -283*  (with  decomposition),  freely  soluble  in  water  and  insoluble  in  organic  solvents. 

4.675  mg  substance:  6.40  ml  0.01  N  H25O4.  5.820  mg  substance:  8.01  ml  0.01  N  H28O4. 

Found  N  19.20,  19.28.  CiiHis04N4Na.  Calculated  ojo"  N  19.44. 

(Caffeine -8) -isosuccinic  acid.  50  grams  of  (caffeine  -8)  -methylenemalonic  acid  was  dissolved  in 
325  ml  of  IN  NaOH,  and  10  g  of  a  Raney  nickel  catalyst  was  added.  Hydrogenation  lasted  6  hours  at  room 
temperature,  with  mechanical  agitation,  3690  ml  of  hydrogen  being  absorbed.  The  reaction  mass  was  fil¬ 
tered,  the  catalyst  washed  with  water,  and  the  combined  filtrate  and  wash  water  acidulated  with  hydrochloric 
acid  (sp.  gr.  1.19)  until  the  reaction  with  Congo  red  was  slightly  acid.  A  coarse  crystalline  precipitate 
slowly  settled  out  upon  standing.  The  yield  was  48  g  (96*1^  of  the  theoretical).  Transparent  crystals  with  an 
m.p.  of  230-232®,  freely  soluble  in  alcohol.  It  crystallized  from  water  (1:30)  as  colorless,  square,  lamellae. 

When  a  solution  of  the  sodium  salt  was  acidulated,  the  acid  settled  out  as  large  rhombic  lamellae.  Insoluble 
in  benzene,  acetone,  ethyl  acetate,  or  chloroform, 

5.309  mg  substance;  6.85  ml  0.01  N  HJSO4.  5.00  mg  substance:  6.40  ml  0.01  N  H15O4. 

Found  N  18.06,  17.92.  CuHi40eN4.  Calculated  <5b:  N  18.06. 

Diethyl  ester  of  0  -(caffeine -8) -isosuccinic  acid.  4  grams  of  0 -(caffeine -8)  -  isosuccinic  acid  was 
heated  for  4  hours  with  a  mixture  of  60  ml  of  absolute  ethyl  alcohol  and  1  g  of  H28Q4  (1.84).  The  ester  yield 
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was  3.6  g  (76.0  %  of  the  theoretical ).  Transparent  prisms  with  an  m.p.  of  101-  102*,  soluble  in  the  cold  in  ben¬ 
zene  and  chloroform.  It  crystallized  from  1:2  alcohol  and  from  IrSO  water.  It  is  insoluble  in  ether. 

7.76  mg  substance:  8.43  ml  0.01  N  H2SO4  7.43  mg  substance:  8.08  ml  0.01  N  H^SO^. 

Found  %  N  15.21.  15.21.  CieHHOeN4.  Calculated  N  15.30. 

Hydrogenating  the  diethyl  ester  of  6  -(caffeine -8) -methylenemalonic  acid.  A  suspension  of  0.5  g  of  the 
ester  in  150  ml  of  eAyl  alcohol  plus  0.5  g  of  Raney  nickel  catalyst  was  hydrogenated  for  45  minutes  at  room 
temperature,  with  mechanical  stirring,  45  ml  of  hydrogen  being  absorbed.  The  m.p,  of  the  resultant  diethyl 
ester  of  6  -(caffeine -8) -isosuccinlc  acid  was  101-102*.  The  yield  was  0.47  g(94<^5)  of  the  theoretical.). 

Condensing  8  -monochlorom.ethylcaffeine  with  sodium  malonic  ester.  A  suspension  of  0.5  g  of  finely 
divided  sodium  in  30  ml  of  absolute  toluene  was  stirred  while  6.4  g  of  the  malonic  ester  was  added.  After 
the  metallic  sodium  had  vanished,  the  reaction  mixture  was  cooled  to  20-40*,  and  4.8  g  of  thoroughly  pulverized 
anhydrous  8  -monochloromethylcaffeine  was  added,  after  which  heating  was  resumed  for  1  hour.  The  tol  uene 
was  then  driven  off  in  vacuo.  The  crystallized  residue  weighed  6  g^  with  an  m.p.  of  98-100*.  The  yield  was 
821^  of  the  theoretical.  The  ester  was  purified  by  crystallizing  it  from  water.  The  ester  was  identical  with 
the  diethyl  ester  of  0- (caffeine -8) -isosuccinic  acid,  synthesized  by  esterifying  the  acid  and  by  hydrogenating 
the  ester  of  (caffeine -8) -methylenemalonic  acid. 

Decarboxylating  0  -(caffeine -8) -isosuccinic  acid.  10  grams  of  0  -(caffeine -8) -isosuccinic  acid  was 
heated  to  130*  with  45  -  50  ml  of  quinoline.  The  caffeinepropionic  acid  that  crystallized  out  upon  cooling  was 
filtered  out  and  thoroughly  washed  with  dilute  HCl  and  with  water.  It  was  purified  by  dissolving  it  in  a  solu¬ 
tion  of  NaHCO),  filtering  the  solution,  and  then  acidulating  the  solution  of  the  sodium  salt.  The  yield  was 
7.85  g  (91*51)  of  the  theoretical). 

Saponifying  and  decarboxylating  the  diethyl  ester  of  0  -(caffeine -8) -isosuccinic  acid.  5  grams  of  the 
diethyl  ester  of  (caffeine  -8)  -isosuccinic  acid  was  boiled  for  45  hours  with  50  ml  of  dilute  (1:1)  HCl.  The 
hot  solution  was  decolorized  with  charcoal,  filtered,  and  cooled,  after  which  the  chilled  solution  was  neutral  - 
ized,  first  with  an  alkali  solution,  and  then  with  anhydrous  NaHCOj  until  its  reaction  with  Congo  red  was 
fain’ly  acid.  The  precipitated  caffeinepropionic  acid  was  purified  in  the  ’osual  manner.  The  yield  was  3.5  g 
(95  5%  of  the  theoretical,  ) 

Preparation  of  0  -(caffeine  -8)  -piopionyl  chloride  2  grams  of  the  anhydrous  acid  was  heated  with  15  ml 
of  absolute  benzene  and  1  g  of  thionyl  chloride®  and  stirred  until  all  the  acid  had  dissolved  at  the  boiling  point 
of  benzene.  Upon  cooling,  yellow  crystak  with  an  nti.p  of  127-135*  adhered  to  the  walls  of  the  flask.  The 
yield  was  1.5  g  (70*51)  of  the  theoretical)  The  benzene  mother  liquor  was  processed  with  20  ml  of  255t»  aqueous 
ammonia,  yielding  0.35  g  of  caffeinepropionarrlde,  with  an  m.p  of  229-232*  (see  below). 

0  -(Caffeine -8) -propionamide,  a)  A  mixture  of  20  g  of  caffeinepropionic  acid,  150  ml  of  absolute 
benzene,  and  10  g  of  thionyl  chloride  was  sirred  and  heated  for  3  -4  horns  until  all  the  acid  had  dissolved. 

The  resultant  solution  of  the  acid  chloride  was  cooled,  the  crysrallized  mass  being  gradually  added  to  100  ml 
of  25*51)  aqueous  ammonia,  stirred  and  chilled  externally.  Sirring  was  conlnued  for  1.5  to  2  hoius  after  the 
addilon  had  been  completed.  The  amide  was  filtered  out  and  crystallized  from  butyl  alcohol.  The  yie)d 
was  16.9  g  (85*51)  of  the  theorelcal).  Extremely  minute  white  needles  with  an  m.p.  of  233  -235“,  slightly  soluble 
in  water  and  crystallizable  from  1:60  ethyl  alcohol  and  from-.  1:40  butyl  alcohol. 

4  855  mg  substance;  9.07  ml  0.01  N  HJSO4.  4  833  mg  substance;  8.99  ml  0.01  N  H2SO4. 

Found  <7o»  N  26.15,  26.04  CnHigOsNs.  Calculated  <5b;  N  26.41. 

b)  4,5  grams  of  the  methyl  ester  of  caffeine  propionic  acid  was  agitated  in  a  stoppered  bottle  for  24 
hours  with  60  ml  of  methanol  and  50  ml  of  28. 5*]^  aqueous  ammonia.  The  amide  was  then  filtered  out,  washed 
with  water,  and  dried.  M.p.  232  -234*;  weight  2.4  g  (52*^  of  the  theoretical).  After  the  mother  liquor  had  been 
evaporated  in  vacuo  and  acidulated,  we  recovered  1.4  g  of  caffeine  propionic  acid,  equivaient  to  ZAPjo  of  the 
theoretical 

Diroethylamlde  of  0  -(caffeine -8) -propionic  acid.  3  -4  ml  of  liquid  dimethylamine  was  poured  into 
a  chilled  solution  of  5  g  of  unrefined  caffeinepropionyl  chloride  in  50  ml  of  absolute  benzene.  The  reaction 

*)  The  thionyl  chloride  was  refined  by  boiling  it  with  sulfur,  followed  by  fractional  distillation  [7]. 
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mixture  was  set  aside  to  stand  in  a  stoppered  bottle  at  room  temperature.  The  crystalline  dimethylamide 
with  an  m.p,  of  186-188®,  gradually  settled  out  of  the  transparent  solution.  The  yield  was  2.6  g  {bQP]o  of  the 
theoretical).  Snow-white  needles  with  an  m.p.  of  188-189®,  soluble  in  the  cold  in  chloroform,  and  crystal- 
lizable  from  1:1  water,  from  1:20  alcohol,  from  1:30  ethyl  aceute,  and  from  1:50  benzene. 

5.846  mg  substance:  10.01  ml  0.01  N  1^804.  6.016  mg  substance:  10.42  ml  0.01  N  H{S04. 

Found  <5!,:  N  23.97,  24.25.  CijHuOjNs.  Calculated  N  23.88. 

Dimethylaminoetfayl  ester  of  8-(caffeine-8)-propionic  acid  (hydrochloride).  A  cold  solution  of  3  g  of  un¬ 
refined  caffeinepropionyl  chloride  in  benzene  was  stirred  at  room  temperature  while  1.1  g  of  redistilled  di- 
methylaminoethanol  was  added.  The  reaction  mass  was  then  stirred  for  3  hours  at  the  boiling  point  of  benzene. 
The  reaction  mass  was  cooled^  and  the  precipitated  hydrochloride  of  the  dimethylaminoethyl  ester  of  caffeine- 
propionic  acid  was  filtered  out  and  recrystallized  from  butyl  alcohol.  The  yield  was  2.8  g  (71<7o  of  the  theor¬ 
etical).  Minute  white  needles  with  an  m.p.  of  222-224®,  freely  soluble  in  water,  insoluble  in  benzene,  crys- 
tallizable  from  ethyl  alcohol  and  butyl  alcohol. 

7.719  mg  substance:  2.955  mg  AgCl.  6.759  mg  substance;  2.555  mg  AgCl, 

Found  <51):  Cl  9.47,  9.35.  C15H2SO4N5  •  HCl.  Calculated  <5;,:  Cl  9.54. 

Diethylaminoethyl  ester  of  B-(caffeine-8)-propionic  acid  (hydrochloride).  A  cold  solution  of  3  g  of  unre¬ 
fined  caffeinepropionyl  chloride  in  benzene  was  stirred  while  1.23  g  of  redistilled  diethylaminoethanol  was 
gradually  added.  The  reaction  mass  was  then  stirred  for  3.5  hours  at  the  boiling  point  of  benzene.  The  pre- 
cipiuted  hydrochloride  of  the  diethylaminoethyl  ester  of  caffeinepropionic  acid  was  filtered  out  and  crystal¬ 
lized  from  butyl  alcohol.  The  yield  was  1.5  g  {Z&’Jo  of  the  theoretical).  Minute  white  needles  with  a  m.p.  of 
226-228®,  freely  soluble  in  water,  insoluble  in  benzene,  and  crystallizable  from  ethyl  and  butyl  alcohol. 

6.765  mg  substance;  2.439  mg  AgCl.  6.603  mg  substance;  2.346  mg  AgCl. 

Found Cl  8,92,  8.79.  CnHj704N5-‘HCl.  Calculated  <70;  Cl  8.84. 

SUMMARY 

1.  A  method  has  been  found  for  synthesizing  caffeine  derivatives  with  aliphatic  acid  groups  containing  a 
three-membered  carbon  chain  at  the  8-position  from  caffeine-8-aldehyde. 

2.  It  has  been  found  that  the  caffeine  derivatives  with  mono-  and  dibasic  aliphatic  acid  groups  containing  a 
three-m.embered  carbon  chain  substituted  at  the  8  position  are  highly  stable,  in  contrast  to  the  highly  unstable 
8-caffeinecarboxylic  acid  and  caffelnacedc  acids. 

3.  The  following  acids  have  been  synthesized;  (caffeine-8)"  methylenemalonic  acid,  (caffeine-S)-isosuccinic 
acid,  6-(caffeine-8)-acrylic  acid,  and  0“(caffeine-8)-propionic  acid,  as  well  as  their  methyl  and  ethyl  esters. 
We  have  also  synthesized  the  dimediylaminoediyl  and  diethylaminoethyl  esters,  and  the  amide  and  dimethyl- 
amide  of  6-(caffeine-8)- propionic  acid, 
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THE  8-  SUBSTITUTION  DERIVATIVES  OF  METHYLATED  XANTHINES 


III.  AMINOMETHYL  AND  AMINOETHYLCAFFEINE  AND  THEIR  ALKYLATED  DERIVATIVES 


E.  S.  Golo vchi nskaya  and  E.  S.  Chaman 

In  our  continuation  of  the  research  initiated  [1]  on  the  synthesis  of  8-substitution  derivatives  of  methylated 
xanthines  the  problem  arose  of  investigating  8-aminometbylcaffeine,  8 -aminoethylcaffeine,  and  their  alkylated 
derivat  ives. 


CHjN-CO 

I  1  /H. 

OC  C-N^ 

1  I  G-(CH^nNR, 

CHjN-C-N/ 

R  =  H,  CHj,  CjHb;  n  =  1  or  2. 

The  method  of  synthesizing  derivatives  of  methylated  xanthines  with  amine  groups  substituted  at  the 
8  position  described  in  the  literature  [2]  is  extraordinarily  complicated.  The  method  involves  the  acylation 
of  mono-  or  dimethylated  2,6  -dihydroxy  -  4,5  -  diaminopryrimidine  with  monochloro  aliphatic  acids  instead 
of  the  formic  acid  employed  in  synthesizing  xanthine.  The  subsequent  substitution  of  an  amino  or  alkylamino 
group  for  the  halogen  and  the  closure  of  the  imidazole  ring  by  an  alkali  result  in  the  formation  of  an  xanthine 
derivative  that  is  methylated  in  the  pyrimidine  portion  of  the  molecule,  with  an  aliphatic  amine  or  alkylamine 
substituted  at  the  8  position.  For  example,  acylating  the  diamine  of  chloracetic  acid  and  substituting  an  amino 
group  for  the  chlorine,  followed  by  ring  closure  and  methylating  the  resultant  8 -substitution  derivative  of  xan¬ 
thine.  ought  to  result  in  synthesis  of  aminomethylcaffeine  or  of  its  alkylated  derivatives. 

It  is  much  simpler  and  cheaper  to  synthesize  these  compounds  by  starting  out  with  8-monochloro- 
methylcaffeine  and  substituting  amino  or  alkylamino  groups  for  the  active  chlorine. 

Reacting  chloromethylcaffeine  with  dialkylamines  results  in  the  synthesis  of  dialkylamino  derivatives, 
the  yields  being  almost  quantitative,  whereas  replacing  the  halogen  by  an  unsubstituted  amino  group  meets 
with  various  difficulties.  This  substitution  was  carried  out  in  two  ways:  by  synthesizing  a  phthalylamino  deri¬ 
vative  and  then  saponifying  its  hydrazine  hydrate,  or  by  means  of  a  reaction  with  hexamethylenetetramine. 

In  neither  case  was  the  yield  of  the  amine  higher  than  45<^5)  of  the  theoretical. 

Using  the  8  -hydroxymethylcaffeine  described  in  one  of  our  previous  reports  [1]  enabled  us  to  eliminate 
the  difficult  operation  of  separating  the  mixture  of  chlorinated  substances  that  is  invariably  produced  when 
8 -methylcaffeine  is  chlorinated.  This  mixture  is  hydrolyzed,  and  the  hydroxymethylcaffeine  is  isolated  from 
the  hydrolyzed  substances  by  utilizing  its  low  solubility  in  organic  solvents.  It  is  again  produced,  with  a  high 
yield  of  chloromethylcaffeine,  when  heated  with  thionyl  chloride. 


-CHjOH 


CH,N-C-N 


CH.N-CO  CH,N-CO 

I  1  PH,  II  CH, 

OC  C -n/  — ►  OC  C-N^ 

I  II  ^-CHjCl  I  II  ^-CHjNR, 

CHjN-C-N/  CHjN-C-N/ 


R  =  H.  CHj,  CjHg 


We  prepared  phenylaminomethylcaffelne  by  hydrogenating  8  -caffeinylideneanlline  [1]  with  Raney's 
nickel  in  alcohol. 
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With  a  view  to  synthesizing  8-aminoethylcaffeine,  we  investigated  the  feasibility  of  converting  the 
0  -caffeinepropionamide  described  in  our  preceding  report  [3]  into  caffeinethylamine  in  a  Hofmann  reaction. 


CH,N-CO 


CH, 


cx:  c-N' 


I  1  > 

CH,N-C-N'^ 


-CHjCHjCONH, 


CHsN-CO 

I  I 

OC  C-N 


Hs 

-CHjCHjNH, 


This  reaction  was  not  impeded  by  the  fact  that  the  initial  amide  is  nearly  insoluble  in  water,  since 
the  resultant  chloramide  or  bromamide  of  caffeinepropionic  acid  is  soluble  enough.  This  made  it  possible 
to  effect  100  ’’Jo  conversion  into  an  aqueous  solution  in  a  comparatively  short  time  when  the  hypochlorite  or 
hypobromite  was  reacted  with  the  amide  at  2  -  3*.  Nor  did  the  high  sensitivity  of  the  caffeine  ring  to  alka¬ 
lies,  which  is  particularly  great  during  heating,  interfere  with  the  successful  carrying  out  of  the  reaction. 
We  were  able  to  convert  the  bromide  into  an  amine  within  5-7  minutes,  within  an  interval  in  which 
most  of  the  substance  is  not  broken  down  by  the  alkali,  notwithstanding  the  fairly  high  reaction  temperature 
(60-70*).  These  conditions  enable  us  to  secure  fairly  satisfactory  yields  of  8-aminoethylcaffeine  (44-52^ 
of  the  theoretical,  based  on  the  original  amide).  This  caffeine  derivative  was  then  successfully  converted 
into  dimethylaminoethylcaffeine  by  methyating  a  solution  of  the  amine  hydrochloride  with  a  mixture  of 
formaldehyde  and  formic  acid. 


CHjN-CO 


OC  <:-N 


CHsN-CO 


CH, 


HCOOH,  HCHO 


;-CH^H,NH, 


CHjN-C-N 


>  OC 
CH. 


1 1 

:,N-C-N 


-CH*CH,N(CHj)i 


We  are  sincerely  grateful  to  O.  Yu.  Magidson  for  his  assistance  in  this  research. 


EXPERIMENTAL 

8  -Chloromethylcaffeine.  50  grams  of  8-hydroxymeihylcaffeine  was  heated  on  a  water  bath  for  6  hours 
with  135  ml  of  thionyl  chloride.  The  resultant  transparent  solution  crystallized  during  the  reaction.  After  the 
solution  had  cooled,  the  crystals  were  suction-  filtered  out,  washed  with  ether,  and  dried.  They  weighed  42.8  g; 
m.  p.  215.5-216*.  The  thionyl  chloride  was  driven  off  from  the  filtrate,  the  10  g  of  residue  being  crystallized 
from  ethyl  acetate.  The  crystals  weighed  6  g,  m.p.  214.5-215.5*.  The  total  yield  of  8 -chloromethylcaffeine 
was  48.8  g,  or  90^  of  the  theoretical. 

8  -  Aminomethylcaffeine.  1)  2.4  grams  of  potassium  phthalimide  was  added  to  a  boiling  solution  of 
2.4  g  of  8  -chloromethyl  caffeine  in  20  ml  of  chlorotoluene.  After  5  hours  of  heating  the  chlorotoluene  was 
driven  off,  its  residual  traces  being  driven  off  with  steam.  The  aqueous  suspension  was  hot-filtered,  the  re¬ 
sultant  8  -phthalylaminomethylcaffeine  being  crystallized  from  40  ml  of  toluene.  It  weighed  1.6  g,  m.p. 

247.5  -  248  5*. 

0.1841  g  substance;  25.89  ml  0,1  N  H^O^.  0.2180  g  substance;  30.51  ml  0.1  N  HJSO4. 

Found ‘5b:  N  19.68,  19.59.  Ci7Hi504N5.  Calculated  <51):  N  19,83. 

1.6  grams  of  the  phthalylaminomethylcaffeine  was  heated  on  a  water  bath  for  45  minutes  with  10  ml 
of  alcohol  and  0.6  g  of  hydrazine  hydrate.  10  ml  of  HCl  (1.19)  and  10  ml  of  water  were  poured  over  the  volum¬ 
inous,  swollen  mass,  and  heating  was  continued  for  another  45  minutes.  The  appearance  of  the  reaction  mass 
changed  again,  becoming  mobile,  with  a  small  crystalline  precipitate  of  hydrazine  hydrate  settling  cut.  The 
alcohol  was  driven  off  in  vacuo,  the  phthalylhydrazide  (1.3  g)  being  suction  filtered,  and  the  filtrate  alkallnized 
and  repeatedly  extracted  with  chloroform.  The  extracts  were  dried  with  calcined  NaxS04  and  the  chloroform 
driven  off,  yielding  a  residue  that  weighed  1.5  g  It  was  crysuUized  from  150  ml  of  toluene.  Thin  pliant  needles 
with  an  m.p.  of  203  -205*.  The  yield  was  1  g,  or  45P}o  of  the  theoretical. 
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0.0940  g  substance:  20.92  ml  0.1  N  1^04.  0.1065  g  substance:  23.72  ml  0.1  N  HSSO4. 

Found  N  31.15,  31.19.  C^^OiNg.  Calculated  <55i:  N  31.39. 

2)  A  solution  of  1.4  g  of  8  -chloromethylcaffeine  and  0.7  g  of  hexamethyltetramine  in  45  ml  CHClg  was  heated 
on  a  water  bath  for  2.5  hours.  The  transparent  solution  soon  turned  cloudy  as  a  voluminous  white  precipitate  be¬ 
gan  to  settle  out.  Upon  cooling  the  reaction  mass  was  filtered,  the  crystalline  salt  being  air -dried.  It  weighed 
1.3  g.  The  resultant  salt  was  heated  for  20  minutes  with  4.8  ml  of  a  10^  solution  of  HCl  in  995^  ethyl  alcohol, 
after  which  the  alcohol  was  driven  off.  It  was  reheated  with  1.6  ml  of  the  same  alcohol,  and  the  mixture  of 
the  alcohol  with  the  resultant  acetal  was  again  driven  off.  This  last  operation  was  repeated  two  more  times.  The 
flask  residue  was  treated  with  a  bicarbonate  solution  and  repeatedly  extracted  with  chloroform.  The  extract 
was  dried,  and  the  chloroform  driven  off.  The  residue  weighed  0,55  g,  or  40*^  of  the  theoretical.  M.p.  201-  203*. 

The  m.p.  was  raised  to  203  -  205*  after  crystallization  from  toluene  or  amyl  alcohol.  The  substance  was  the  same 
as  that  produced  in  the  preceding  reaction,  the  mixed  melting  point  being  203  -  205*. 

1  gram  of  8 -aminomethylcaffeine  was  dissolved  in  3  ml  of  HCl  (1.19),  and  absolute  ethyl  alcohol  sat¬ 
urated  with  HCl  was  added  to  the  solution.  The  precipitated  hydrochloride,  with  an  m.p.  of  280-282*,  was 
suction-filtered  and  twice  crystallized  from  30  times  its  weight  of  80^  ethyl  alcohol.  Mintite  white  needles, 
excellently  soluble  in  water,  with  an  m.p.  of  284-286*. 

6.106  mg  substance;  3.345  mg  AgCl.  6.894  mg  substance;  3.837  mg  AgCl. 

Found  Cl  13.55,  13.76.  C,Hi,Ojl^  •  HCl.  Calculated  Cl  13.68. 

8  -Diethylaminomethylcaffeine.  15  grams  of  8 -chloromethylcaffeine  was  boiled  on  a  water  bath  for 
4  hours  with  150  ml  of  diethylamine.  The  appearance  of  the  reaction  mass  changed  from  a  thick  paste  to  a 
mobile  transparent  solution  with  transparent  crystals  suspended  in  it.  The  excess  diethylamine  was  driven  off, 
and  the  residue  treated  with  water.  The  substance  filtered  out  of  the  solution  of  the  diethylamine  hydrochloride 
weighed  17.1  g,  or  99.7*^i)  of  the  theoretical;  m.p.  110*.  It  crystallized  from  water  in  very  thin  minute  needles, 
and  from  ether  as  snow-white,  thin,  elongated,  orthogonal  lamellae;  m.p.  111.5-113* 

5.384  mg  substance:  9.53  ml  0.01  N  HSSO4.  6.231  mg  substance:  11.10  ml  0.01  N  HfS04. 

Found  %:  N  24.79,  24.96.  CjsHjiOjNg.  Calculated  N  25.08. 

A  15‘5fc  solution  of  HCl  in  absolute  ethyl  alcohol  was  added  to  an  ether  solution  of  8  -diethylaminomethyl¬ 
caffeine  until  its  reaction  with  Congo  red  was  faintly  acid.  The  hydrochloride  settled  out  as  an  oil  tiiat  gradually  I 

crystallized.  It  was  recrystallized  from  10  times  its  weight  of  9e<5b  alcohol.  Quadrangular,  transparent,  white 
lamellae,  m.p.  236  (with  decomp.). 

6.525  mg  substance;  3.130  mg  AgCl.  5.025  mg  substance*  2.315  mg  AgCl. 

Found  <7o:  Cl  11.44,  11.40.  CuHjjOiNg  •  HCl.  Calculated  Cl  11.22. 

8  -Dimethylaminomethylcaffeine.  7.5  grams  of  chloromethylcaffein  was  heated  to  50-60*  for  a  long 
time  in  a  sealed  tube  with  50  ml  of  dimethylamlne,  with  frequent  shaking. 

After  dissolution  was  complete,  the  excess  dimethylamlne  was  driven  off,  the  residue  dissolved  in 
water,  and  the  base  isolated  by  adding  NaOH,  the  flask  being  cooled  externally.  The  base  separated 
out  as  an  oil  that  solidified  quickly;  then  it  was  suction  -  filtered  out  and  dissolved  in  chloroform.  The  solu¬ 
tion  was  dried  over  calcined  NajS04,  and  the  chloroform  driven  off,  the  residue  weighing  7.5  g,  or  95.5^  of 
the  theoretical.  M.p.  124-125*.  It  crystallized  from  ether  as  elongated  transparent  lamellae.  M.p.  of  the 
recrystallized  substance:  125-126*. 

4.402  mg  substance:  8.70  ml  0.01  N  1^804.  4.246  mg  substance;  8.33  ml  0.01  N  HJSO4. 

Found  <7o:.  N  27.67,  27.47.  CuHnOil^.  Calculated  <5^:  N  27.88. 

7  grams  of  8 -dimethylaminomethylcaffeine  was  dissolved  by  gentle  heating  in  60  ml  of  ethyl  alcohol, 
and  20  ml  of  alcohol  saturated  with  HCl  was  added  to  make  the  reaction  with  Congo  red  slightly  acid.  A 
crystalline  precipitate  of  the  hydrochloride  settled  out  It  weighed  7.7  g;  m.p.  266-267*.  It  was  recrystallized 
from  150  ml  of  80‘55)  alcohol.  Needles  with  an  m.p.  of  269  -271*. 

5.271  mg  substance;  9.1  ml  0.01  N  H{S04.  5.207  mg  substance;  8.98  ml  0.01  N  1^04. 

8.110  mg  substance;  4.070  mg  AgCl.  7.285  mg  substance:  3.702  mg  AgCl. 

Found  <55);  N  24.25,  24.14;  Cl  12.42,  12.57.  CuHnOjNj  •  HCl.  Calculated  N  24.34  Cl  12.34. 
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8  -Phenylaminomethylcaffeine.  A  suspension  of  5  g  of  8 -caffeinylideneaniline  [1]  in  200  ml  of  ethyl 
alcohol  was  hydrogenated  with  2. 5  g  of  Raney's  nickel  at  room  temperature,  with  mechanical  stirring,  440  ml  of 
hydrogen  being  absorbed  within  3.5  hours.  The  decolorized  suspension  was  heated  with  200  ml  of  alcohol  until 
all  the  precipitate  dissolved,  after  which  the  solution  was  filtered.  When  the  filtrate  cooled,  4  g  of  phenylamino¬ 
methylcaffeine,  with  an  m.p.  of  190-  192*,  settled  out.  Driving  off  the  alcohol  and  crystallizing  the  residue 
yielded  another  0.3  g  of  the  amine.  The  yield  totaled  4.3  g,  or  80^0  of  the  theoretical.  The  substance  dis¬ 
solves  1:1200  in  hot  water  and  1:70  in  alcohol.  Minute  white  needles  with  an  m.p.  of  193-194*.  It  forms  readily 
hydrolyzable  salts. 

5.723  mg  substance:  9.52  ml  0.01  N  1^804.  6.305  mg  substance:  10.46  ml  0.01  N  H(S04. 

Found N  23.29,  23.11.  CisHjTOiNg.  Calculated  <5b:  N  23.41. 

8  -  Aminoethylcaffeine.  A  chilled  solution  of  sodium  hypobromite,  prepared  from  9  g  of  bromine  and 
56.3  ml  of  a  IQPjo  NaOH  solution,  was  added  drop  by  drop  during  the  course  of  an  hour,  at  35*  and  with  con¬ 
stant  stirring,  to  a  suspension  of  14  g  of  caffeinepropionylamide  in  100  ml  of  water.  The  amide  gradually 
dissolved,  the  solution  being  stirred  for  another  50-60  minutes  at  3-5*,  after  which  60  ml  of  a  10“^  NaOH 
solution  was  added.  Then  the  reaction  mass  was  heated  to  60*  for  20  -25  minutes  and  stirred  for  another  10 
minutes  at  60  -  70*.  The  reaction  was  considered  to  be  complete  when  no  bromine  was  liberated  from  a 
sample  that  was  acidified  witfi  hydrochloric  acid.  Then  the  solution  was  quickly  cooled  to  20  -25*  and 
poured  into  100  ml  of  HCl  (1.19),  causing  the  active  evolution  of  COj.  The  acid  solution  was  concentrated 
in  vacuo  to  a  volume  of  30  -  40  ml,  the  crystallizing  sodium  chloride  filtered  out,  and  the  filtrate  evaporated 
in  vacuo  to  dryness.  The  residue  was  chilled  with  ice  and  treated  with  a  26<7o  NaOH  solution  in  chloroform 
the  separating  aqueous  solution  being  extracted  again  with  chloroform.  The  chloroform  solution  was  dried 
over  NajS04  and  the  chloroform  driven  off.  The  residue  (6.8  g)  was  dissolved  in  30  -35  ml  of  96^0  ethyl 
alcohol,  and  an  alcoholic  solution  of  HCl  was  added  until  the  reaction  with  Congo  red  was  slightly  acid. 

A  white  crystalline  precipitate  of  the  hydrochloride  gradually  settled  out;  it  was  recrystallized  from  80^  ethyl 
alcohol.  The  yield  was  6.3  g  (44.1*^  of  the  theoretical). 

8  -  Aminoethylcaffeine  hydrochloride  is  very  soluble  in  water  and  crystallizes  from  80*^  ethyl  alcohol 
and  from  butyl  alcohol.  White  needles  with  an  m.p.  of  348-350*  (decomp.). 

7.158  mg  substance:  3.829  mg  AgCl.  7.161  mg  substance:  3.787  mg  AgCl.  5.015  mg  substance:  9.13  ml 

0.01  N  H,S04.  5.095  mg  substance:  9.20  inl  0.01  N  HJSO4.  Found  ‘Jk:  N  25.49,  25.28;  Cl  13.23.  13.08. 

CioHigOjl^  •  HCl.  Calculated  N  25.59;  Cl  12.98. 

The  base  was  isolated,  as  described  above,  from  an  aqueous  solution  of  the  purified  hydrochloride  by  a 
26^  alkali  solution.  The  base  was  refined  by  recrystallization  from  toluene. 

The  8 -aminoethylcaffeine  base  is  freely  soluble  in  water,  chloroform,  alcohol,  ethyl  acetate,  and  acetone, 
and  slightly  soluble  in  benzene.  Yellowish  needles  with  an  m.p.  of  143-144*. 

4.397  mg  substance:  9.17  ml  0.01  N  HjS04.  4.196  mg  substance:  8.76  ml  0.01  N  H2SO4. 

Found  <7o:  N  29.17,  29.23.  CioHigOiNg.  Calculated  N  29.53. 

8  -Benzylideneaminoethylcaffeine.  0.5  gram  of  benzaldehyde  was  added  to  a  solution  of  1  g  of  8  -amino- 
ediylcaffeine  in  alcohol.  The  mixture  was  heated  for  20  minutes,  the  yellowish  needles  of  the  benzylldene  base 
crystallizing  out  upon  cooling.  The  yield  was  0.8  g  (ei.fr^fc  of  the  theoretical).  The  substance  crystallizes  from 
methanol  and  ethyl  alcohol.  It  is  hydrolyzed  when  heated  with  water.  White  needles  with  an  m.p.  of  180-181*. 

4.749  mg  substance:  7.32  ml  0.01  N  HJSO4.  4.623  mg  substance:  7.14  ml  0.01  N  HtS04. 

Found  N  21.58,  21.61.  Ci^uOtNg.  Calculated  <5k:  N  21.54. 

8  -Dimethylaminoethylcaffeine.  A  solution  of  7.6  g  of  8 -aminoethylcaffeine  hydrochloride  in  15  ml  of 
water  was  added  a  drop  at  a  time  during  the  course  of  40-50  minutes  to  a  methylating  mixture  consisting  of  8  g 
of  a  28.69^  solution  of  formalin  and  8  g  of  85<7o  formic  acid,  heated  to  95*.  After  the  reaction  mass  had  been 
stirred  for  8  hours  at  100-102*,  it  was  chilled  with  a  snow-salt  mixture.  The  amine  was  isolated  by  processing 
with  a  26%  alkali  solution  and  then  quickly  extracting  with  chloroform.  The  chloroform  solution  was  dried 
over  calcined  Na2S04,  the  chloroform  being  driven  off,  and  the  residue  crystallized  from  diethyl  ether.  The  yield 
was  5  g,  or  68.5%  of  the  theoretical.  Minute  white  needles  with  an  m.p.  of  100  -102*.  Freely  soluble  in  the  cold 
in  water,  chloroform,  alcohol,  and  benzene  and  soluble  when  heated  in  diethyl  ether. 
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3.891  mg  substance:  7.266  ml  0.01  N  HjSO^.  2.595  mg  substance:  4,89  ml  0.01  N  HSSO4. 

Found  N  26.14,  26.40.  CuHijOgNj.  Calculated  <?>:  N  26.41. 

A  solution  of  HCl  in  absolute  alcohol  was  added  to  an  ether  solution  of  8  -dime thy laminoe thy Icaffeine 
until  the  reaction  with  Congo  red  was  slightly  acid.  The  finely  crystalline  white  precipitate  of  the  hydrochloride 
was  recrystallized  from  96^0  alcohol.  Minute  white  needles,  freely  soluble  in  water,  decomposing  at  257*. 

5.975  mg  substance:  2.829  mg  AgCl.  7.136  mg  substance:  3.420  mg  AgCl. 

Found  <5b:  Cl  11.71,  11.85.  CbHuOjNs  •  HCl.  Calculated  Cl  11.77. 

SUMMARY 

1.  A  method  is  set  forth  for  synthesizing  8  - aminomethy Icaffeine  and  its  alkylated  derivatives  from 
8  -  chi  oro  me  thy  Icaffeine. 

2.  The  conditions  required  for  converting  0  -(caffeine  -8)  -propionamide  into  8  -aminoethylcaffeine 
have  been  determined. 

3.  The  following  compounds  have  been  synthesized:  8 -aminomethy Icaffeine,  8-dimethylaminomethyl- 
caffeine,  8 -die  thy  laminome  thy  Icaffeine,  8 -aminoethylcaffeine,  8 -dimethy  laminoe  thy  Icaffeine,  and  the  hydro¬ 
chlorides  of  these  compounds,  as  well  as  8-phenylaminomethylcaffeine,  and  8 -benzylideneaminoe  thy  Icaffeine. 
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THE  TRANSFORMATION  OF 


GUANIDINE  DURING 


ACETYLATION‘S 


A.  A.  Ryabinin 


When  Korndcfffer  acetylated  the  salts  of  guanidine  [1],  he  secured  compounds  that  he  described  as  sym¬ 
metric  (I)  and  asymmettic  (II)  diacetylguanidines  and  the  anhydride  of  diacetylguandine  (III). 


CH5CONH  -  NHCOCH,  CHjCONH  =  NCOCH,  CHjCO  -  NH 

N  ‘ 


NH 


(I) 


CH, 


(D) 


(HI) 


Although  a  large  number  of  substituted  guanidines  has  been  synthesized  by  now,  no  one  has  succeeded 
in  isolating  tautomers  resembling  (I)  and  (II).  We  were,  therefore,  interested  in  checking  Korndqrfer's  research. 
We  secured  a  substance,  CsH^Nj,  with  an  m.p.  of  166”,  by  heating  salts  of  guanidine  to  100*  with  twice  their 
weight  of  acetic  anhydride.  The  formula  for  this  compound  is  that  for  diacetylguanidine  as  well  as  for  an  ace¬ 
tate  of  the  anhydride  of  monoacetylguanidine  like  (HI),  for  example.  Analysis  of  the  picrate  of  the  CsH^  Nj. 
substance  indicated  that  it  was  the  monopicirate  of  diacetylquanidine.  Thus,  the  CgHfOsNj  substance  with  an 
m.p.  of  166*  we  had  prepared  was  a  diacetylguanidine  hitherto  unknown  in  the  literature. 

When  Korndorfer  acetylated  guanidine  carbonate  under  the  same  conditions,  he  secured  an  acetate  of 
a  monoacetyl  derivative.  This  was  because  he  employed  recrystallization  from  water.  Our  diacetylguanidine 
was  extremely  unstable,  being  totally  converted  into  monoacetylguanidine  acetate  when  heated  for  a  long  time 
in  alcohol. 


When  we  heated  guanidine  acetate  of  carbonate  with  five  times  its  weight  of  acetic  anhydride  to  the 
boiling  point  of  the  solution,  we  secured  two  other  substances;  CeHyOI^,  with  an  m.p.  of  285*,  and  CgHuO^Ng, 
with  an  m.p.  of  217.5*.  These  formulas  differ  by  one  acetyl  group.  We  noticed  that  the  compound  CgHuO^h^ 
was  unstable.  It  loses  an  acetyl  group  when  recrystalUzed  from  tPjo  acetic  acid,  being  converted  into  the  other 
synthesized  compound,  CgH^Ns.  The  converse  transformation  was  effected  by  boiling  with  acetic  anhydride. 
The  elementary  composition  of  these  substances  as  well  as  the  methods  employed  in  their  formation  make  it 
probable  that  their  structure  is  that  of  acetyl  derivatives:  4,  6-dlamino-2-methyl-l,  3,  5-triazine  (IV). 

M,  Nencki  [2],  Diels  [3],  and  Simons  and  Weaver  [4]  have  observed  that  4,  6 -diamino -2 -methyl- 
1, 3. 5-triazine  is  formed  when  the  acetate  or  the  monoacetyl  derivative  of  quanidine  was  heated  to  190-230*. 
In  our  experiments,  we  found  that  the  reaction  proceeded  under  milder  conditions  when  an  excess  of  acetic 
anhydride  was  present. 

A.  Ostrogovlch  [5]  secured  4,  6-diacetylamino-2-methyl-l,  3,  5-triazine(V)  with  an  m.p.  of  212- 
213*  by  acetylating  4,  6 -diamino -2 -methyl -1,  3, 5 -triazine,  while  recrystallizing  the  compound  (V)  from 
ethyl  acetate  or  acetic  acid  yielded  4-amino-6-acetylamino-2-methyl-  1,  3,  5-trlazine  vrtth  an  m.p.  of 
284“  (VI).  It  is  obvious  that  these  compounds  are  the  same  as  those  we  synthesized. 

The.  slight  discrepancy  in  the  melting  points  of  the  diacetyl  derivative  is  due  to  the  ease  with  which 
this  compound  is  decomposed. 


^  The  contents  of  a  research  paper  by  Grundmann  and  Beyer  recently  published  (Ber.  83.  452)  are  very 
close  to  those  of  the  present  paper.  Where  the  two  papers  agree,  they  reach  the  same  conclusions. 

The  paper  of  the  foregoing  authors  was  submitted  to  the  editors  on  March  31,  1950,  i.e.,  at  practically 
the  same  time  as  the  present  paper  reached  the  editors  of  the  Journal  of  General  Chemistry  of  the  U.S.S.R. 
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There  is  no  doubt  that  the 

anhydride  of  diacetylguanidine,  with  an  m.p.  of  210-212*,  and  the  asym- 

metric  diacetylguanidine,  with  an  m.p.  of  271",  described  by  Korndorfer,  are  the  impure  di-  and  monoacetyl 
derivatives  of  4,  6 -diamino -2 -methyl -1,  3,  5-triazine.  This  is  shown  by  a  comparison  of  their  melting 
points  and  the  reciprocal  transformations  of  the  substance  synthesized  by  Korndorfer  and  by  us.  In  Korndorfer's 
experiments,  for  example,  saponifying  the  anhydride  of  diacetylguanidine  yielded  asymmetrical  diacetyl¬ 
guanidine,  which  was  reconverted  into  the  original  compound  when  heated  with  acetic  anhydride.  Our  con¬ 
clusion  is  likewise  borne  out  by  the  fact  that  we  have  been  unable  to  secure  any  other  substances  than  those 
described  above  and  diacetylurea,  notwithstanding  our  numerous  acetylation  experiments  conducted  under  the 
conditions  described  by  Korndorfer.  Korndorfer's  symmetric  diacetylguanidine,  with  an  m.p.  of  152*,  which 
forms  no  salts,  is  apparently  identical  with  the  diacetylurea.  The  mistake  made  by  that  author  lay  in  his 
failure  to  make  a  nitrogen  determination. 

EXPERIMENTAL 

Preparation  of  guanidine  acetate.  50  grams  of  guanidine  carbonate  was  dissolved  in  water,  neutral¬ 
ized  with  acetic  acid,  and  evaporated  to  dryness  in  vacuo.  The  acetate  was  crystallized  from  alcohol  as 
prisms  with  an  m.p.  of  229*  by  adding  ether  (the  m.p.  is  given  as  229-230*  in  the  literature  [6]). 

Preparation  and  analysis  of  diacetylguanidine.  In  one  of  our  runs  5  g  of  guanidine  acetate  was  heated 
on  a  boiling  water  bath  for  two  hours  with  10  g  of  acetic  anhydride  (b  p.  137-139*).  Two  grams  of  crystals, 
in  the  shape  of  large  needles,  settled  out  of  the  cooled  solution.  The  substance  had  a  melting  point  of  166*  after 
having  been  dried  at  95*.  The  melting  point  did  not  change  after  rapid  recrystallization  from  95«^  alcohol  and 
drying. 

0.1175  g substance:  0.1800  g  COj;  0.0676  g  HjO.  0.1169  g  substance;  0.1778  gCOj;  0.0687  g  HjO. 

0.0731  g  substance:  19.10  ml  N,  (22*,  760  mm).  Found  C  41.78,  41.48;  H  6.44,  6.57;  N  29.44. 

CsH^OjN,.  Calculated  <7p:  C  41.93;  H  6.34;  N  29.37. 

Preparation  and  analysis  of  diacetylguanidine  picrate.  0.3  gram  of  diacetylguanidine  and  0.48  g  of 
picric  acid  were  dissolved  in  separate  portions  of  methanol.  When  the  two  solutions  were  combined,  a  finely 
crystalline  picrate,  with  an  m.p.  of  163-164*,  settled  out.  Recrystallization  from  absolute  methanol  yielded 
the  picrate  as  large  yellow  needles  with  an  m.p.  of  164-165*. 

0.0596  g  substance:  12.02  ml  N*  (23*,  764  mm).  Found  N  22.74.  CgHjNjOj  •  C6H3N5O,. 

Calculated  N  22.59. 

Preparation  and  analysis  of  monoacetylguanidine  acetate.  5  grams  of  guanidine  acetate  was  heated  on 
a  boiling  water  bath  for  two  hours  with  10  g  of  acetic  anhydride.  The  crystals  that  settled  out  as  the  solution 
cooled  were  filtered  out  and  twice  recrystallized  from  95‘5i»  alcohol  without  having  been  dried.  This  yielded  2  g 
of  needles  with  an  m.p.  of  177-178*  (the  m.p.  given  in  the  literature  is  177-178*  [1]).  The  mixed  melting 
point  with  diacetylguanidine  was  150*. 

0.1233  g  subsunce:  0  1699  g  COj,  0.0805  g  H,0.  0.1266  g  substance:  0.1730  g  COj;  0.0804  g  HjO. 

0.0708  g  subsunce:  16.30  ml  N,  (22*,  768  mm).  Found  C  37.58,  37.27;  H  7.30,  7.1Ct  N  26.22. 

.  CsHuOjNj.  Calculated  C  37.24;  H  6.88;  N  26.08. 

Preparation  of  monoacetylguanidine  picrate.  This  salt  was  prepared  as  described  above;  the  minute 
yellow  needles  melted  at  237.5  -238.5*. 

Preparation  and  analysis  of  4,6 -diacetylamino -2 -methyl -1,  3,  5-triazine.  1  gram  of  guanidine  acetate 
was  boiled  for  one  hour  with  five  g  of  acetic  anhydride.  The  crysuls  that  settled  out  upon  cooling  were  dried 
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in  vacuo  over  alkali.  The  substance  had  a  m.p.  of  217.5*  after  double  recrystallization  from  boiling  water, 
5.3  grams  of  the  same  substance  was  secured  from  15  g  of  guanidine  carbonate  by  a  similar  procedure. 


0.1230  g  substance:  0.2077  g  COj;  0.0590  g  HjO.  0.1118  g  substance:  0.1875  g  COj;  0.0540  g  H|0. 

0.0651  g  substance;  19.46  ml  N*  (22*,  760  mm).  Found  C  46.05,  45.74;  H  5.37,  5.40;  N  33.66. 

CjHuOjNg.  Calculated  'Tb;  C  45.69;  H  5.28;  N  33.34. 

Preparation  and  analysis  of  4-amino -6 -acetylatnino-2- methyl-1,  3,  5-trlazine.  5  grams  of  guanidine 
acetate  was  boiled  for  one  hour  with  25  g  of  acetic  anhydride.  The  resulting  crysuls  were  recrystallized  from 
boiling  water  without  having  been  dried.  This  yielded  1.35  g  of  crystals  with  an  m.p.  of  284*.  The  m.p.  rose  to 
285*  after  four  recrystallizations  from  boiling  water. 

0.1209  g  substance;  0.1900  g  CO,;  0.0596  g  H,0.  0.1152  g  substance:  0.1819  g  CO^;  0.0580  g  H,0. 

0.0410  g  substance:  14.98  ml  N,  (22*.  769  mm).  Found  <^:  C  42.86,  43.06;  H  5.52,  5.63;  N  41.67. 

CgHiONj.  Calculated  ojoi  C  43,09;  H  5.43;  N  41.91. 

Preparation  and  analysis  of  diacetylurea.  The  mother  liquors  secured  in  the  preceding  experiments  after 
the  crystalline  substances  that  settled  out  of  the  acetic  anhydride  had  been  filtered  out  were  concentrated  in 
vacuo.  The  resulting  crystalline  deposits  constituted  a  mixture  that  fused  broadly  in  the  130-145*  range.  The 
deposits  were  combined  and  fractionated  by  recrystallization  from  alcohol.  This  yielded,  in  addition  to  the 
substances  secured  in  the  previous  tests,  2  g  of  pure  diacetylurea,  with  an  m.p.  of  154.5-  155.5*  (the  m.p.  is 
given  in  the  literature  as  152-153*  [6].  The  mixed  melting  point  with  diacetylguanidine  was  unsharp,  beginning 
at  124* 

0.1136  g  substance:  0.1728  g  CO,;  0.0556  g  H,0.  0.0516  g  substance;  8.70  ml  N,  (20*,  770  mm). 

Found  <7o:  C  41.49;  H  5.48;  N  19.44.  CgHgOjN,.  Calculated  ojo-  C  41.64;  H  5.59;  N  19.44. 

Conversion  of  diacetylguanidine  into  monoacetylguanidine  acetate.  A  few  grams  of  diacetylguanidine, 
with  an  m.p.  of  166*,  was  recrystallized  from  95<^l»  alcohol.  After  the  first  recrystallization  the  melting  point 
dropped  to  164-165*,  while  after  the  second  we  secured  a  substance  with  an  m.p.  of  178*.  The  mixed  melting 
point  with  monoacetylguanidine  acetate  exhibited  no  depression 

Conversion  of  monoacetylguanidine  acetate  into  4,  6-diacetylamino-2-methyl-l,  3,  5-triazine.  One 
gram  of  monoacetylguanidine  was  boiled  for  one  hour  with  5  g  of  acetic  anhydride.  When  the  solution  cooled, 
crystals  with  an  m.p.  of  214“  settled  out.  The  mixed  melting  point  with  the  pure  substance  was  216*. 

Reciprocal  conversions  of  4,  6-diacetylamino-2-methyl-l,  3,  5-ttiazine  and  4-amino-6-acetylamino- 
2- methyl -1,  3,  5-triazine.  A  few  grams  of  4,  6-diacetylamino-2-roethyl-l,  3,  5-triazine,  with  an  m.p.  of 
217*,  was  recrystallized  from  boiling  acetic  acid.  This  yielded  crystals  with  an  m.p.  of  285*.  0.5  gram  of 
the  resulting  substance  was  heated  with  acetic  anhydride.  Upon  cooling,  crystals  with  an  m.p.  of  217*  settled 
out. 


SUMMARY 

1.  Diacetylguanidkie,  with  an  m.p.  of  166“,  and  its  monopicrate,  which  are  unknown  in  the  literature, 
are  described. 

2.  It  has  been  found  that  heating  guanidine  salts  with  acetic  anhydride  yields  4,  6 -diacetylamino -2 - 
methyl-1,  3,  5-triazine  and  4-amino-6-acetylamino- 2- methyl- 1,  3,  5-triazine. 

3.  It  has  been  shown  that  the  two  diacetyl  derivatives  of  guanidine  described  in  the  literature  —  the 
symmetric  with  an  m.p.  of  152*  and  the  asymmetric  with  an  m.p.  of  271*  —  do  not  exist.  These  names  were 
employed  erroneously  to  describe  diacetylurea  and  impure  4,  6-amino-6  -acetylamino -2 -methyl -1,  3,  5- 
triazine. 

4.  It  has  been  shown  that  the  anhydride  of  diacetylguanidine,  with  an  m.p.  of  210  -212*,  described 
in  the  literature  does  not  exist.  This  name  was  employed  erroneously  to  describe  impure  4,  6  -diacetyl¬ 
amino -2 -methyl -1,  3,  5-triazine. 
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